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^fr(^3  V]AR  FOOD  ADMIIIISTRATIOII 

Office  of  Distribution 
5  South    .'abash  Avenue 
Chicago  5,  Illinois 


April  7,  1944 


Ivir,  E.  0.  Pollock,  Director 

! 'idlest  Region 

Office  of  Distribution 

Dear  ilr.  Pollock: 

Herewith  is  submitted  the  report  entitled,  "Kow  To  Obtain  -'ore 
Nonfat  Dry  Liilk  Solids",     The  information  presented  and  the  conclu- 
sions and  T)rof:raiTi  recominendatior'S  arrived  at  are  hirhl"^'  important, 
not  only  in  the  light  of  ^^.^ar  food  needs,  but  also  with  reference  to 
the  planning  of  postv/ar  adjustments  in  food  production  and  consump- 
tion. 

The  report  summarizes  the  rapid  grov.rth  of  the  industry  in  prev:ar 
years,  reviev;s  its  vrartine  expansion  in  1941  and  1942,  points  out 
the  reasons  for  the  doYmturn  in  production  in  1943,  and  outlines 
the  measures  necessary  to  bring  up  the  annual  production  to  a.  level 
of  a-QDr oxiniatelv  650  million  nounds  per  \'ear.     The  section  dealing; 
with  the  postivar  outlook  for  nonfat  dry  milk  solids  mil  be  of 
particular  interest  to  many  persons  in  the  dairy  industry  and  to 
industries  using  this  commodity. 

Data  of  production  and— prices  of  nonfat  dry  milk  solids  and  related 
products,  together  vd.th  data  of  milk  production  and  disposition, 
are  presented  in  appendix  tables  for  the  convenience  of  persons 
interested  in  this  subject.     In  addition,  the  average  number  of 
coTvs  milked  per  farm,  total  milk  production,  and  sales  of  butterfat 
from  herds  of  four  or  more  cows,  are  shov/n  bv  counties  for  seven 
states  of  the  Lidwest  Region, 

It  is  hoped  that  this  report  will  represent  a  definite  contribution 
to  the  nationY/ide  effort  being  ..lade  to  increase  the  output  of  this 
miuch  needed  food.     The  information  provided  is  designed  to  support 
the  position  of  the  Dairy  and  Poultry  Branch  in  its  current 
endeavors  to  promote  a  better  utilization  of  the  at/e.ilable  milk 
supply. 

R  e  s  n  e  c  t  f  u  1 1  ^'  vo  ur  s  , 

Rudolph  i.  patzig, Chief 
Program  Appraisal  Di'vT-sion 
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VJAR  FOOD  ADMIillSTRATIOIT 
Office  of  Distribution 
5  South  Vfabash  Avenue 


Chicago  5,  Illinois 


April  7,  1944 


Iitr,  E.  0.  Pollock,  Director 

ilidr'-est  Pie g ion 

Office  of  Distribution 

Dear  "fir.  Pollock: 

Hereivith  is  submitted  the  report  entitled,  "Kov/  To  Obtain  More 
Nonfat  Dry  Iiilk  Solids".     The  information  presented  and  the  conclu- 
sions and  program  recoimTiendations  arrived  at  are  highly  important, 
not  only  in  the  light  of  v/ar  food  needs,   out  also  Y/ith  reference  to 
the  olanninv;  of  postwar  adiustments  in  food  "oroducticn  and  consumn- 
t  i  on , 

The  report  sujrmiarizes  the  rapid  grovrth  of  the  industry  in  prev/ar 
years,  reviews  its  v/artime  expansion  in  1941  and  1942,  points  out 
the  reasons  for  the  dovmturn  in  production  in  1943,  and  outlines 
the  measures  necessary  to  bring  up  the  annual  production  to  a  level 
of  ao-or oxiiiiatelv  650  million  oounds  per  year.     The  section  dealinp; 
¥7ith  the  postv/ar  outlook  for  nonfat  dry  milk  solids  irill  be  of 
particular  interest  to  many  persons  in  the  dairy  industry  and  to 
industries  using  this  commodity. 

Data  of  production  and  prices  of  nonfat  dry  milk  solids  and  related 
products,  together  ^.vith  data  of  mmlk  production  and  disposition, 
are  presented  in  appendix  tables  for  the  convenience  of  persons 
interested  in  this  subject.     In  addition,  the  average  number  of 
cov;s  milked  per  farm,  total  milk  production,  and  sales  of  butterfat 
from  herds  of  four  or  more  cows,  are  shoY/n  by  counties  for  seven 
states  of  the  Lidwest  Region, 

It  is  hoped  that  this  report  will  represent  a  definite  contribution 
to  the  nationwide  effort  being  made  to  increase  the  output  of  this 
much  needed  food.     The  information  orovided  is  designed  to  suoport 
the  position  of  the  Dairy  and  Poultry  Branch  in  its  current 
endeavors  to  promote  a  better  utilization  of  the  avr?.ilable  milk 
supply. 


Respectfully  yours, 


FOR  E  TT  A  R  D 

The  production  of  nonfat  dry  nili-c  solids        a  food  urgently  needed 
in  our  v;-ar  food  program        has  consistently  fallen  short  of  require- 
nents.     In  spite  of  the  erection  of  nevr  drying  plants,  the  con- 
version of  feed  dryers  into  plants  for  the  production  of  human  food, 
and  other  measures  designed  to  increase  the  wartime  output  of  this 
coromodity,  production  actually  decreased  in  1943.     3y  Hay  of  that 
year,  the  supply  fell  so  far  short  of  the  demand  that  it  became 
necessary  to  order  that  75  percent  of  the  output  of  all  important 
dryers  should  be  reserved  for  military  and  Lend -Lease  purposes,  thus 
cuttinr-  domestic  consum'ition  dorm  sharDl"""  in  the  face  of  increased 
needs . 

In  vievif  of  the  lack  of  success  met  by  previous  efforts  to  increase 
the  production  of  this  comiTiodity,  it  v^as  apparent  that  a  thorough 
investigation  v/ould  be  required  to  ascertain  the  reasons  for  the 
decrease  in  production  and  to  point  out  the  measures  essential  to  a 
substantial  increase.     This  indication  -ras  confirmed  by  a  prelimin- 
ary survey  of  the  problem,  vmich  revealed  that  the  production  of 
nonfat  dry  milk  solids  vje.s  intimately  related  bot::  to  the  '.'hole 
dairy  situation  and  to  the  shortar-e  of  high  protein  feeds.  .ith 
the  approval  of  the  Regional  Director,  a  comprehensive  investigation 
"of  the  problem  was  begun  in  the  fall  of  1943. 

In  order  to  expedite  the  preparation  of  a  report,  the  subject  matter 
of  the  investigation  was  restricted  to  a  consideration  of  the  steps 
v/hich  must  be  taken  to  obtain  a  substantial  increase  in  the  r)ro- 
duction  of  nonfat  dry  milk  solids  for  human  food.    Emphasis  was 
placed  upon  the  measures  essential  in  establishing  conditions  which 
would  permit  such  an  increase;  questions  as  to  which  plants  or 
localities  should  be  included  r/ere  left  for  subsequent  c'etermina- 
tion. 

The  report  vras  read  in  manuscript  form  by  Dr.  E,  'f.  Gaumnitz  and 
Mr,  Koud  McCarin,  v/hose  suggestions  are  much  appreciated.  Professor 
L.  Fred  Koller  of  the  University  of  Iiinnesota  made  available  a 
manuscript  copy  of  his  Bulletin,  "The  Ilinnesota  Dry  iiilk  Industry" 
and  together  with  Professors        11.  Dankei-s  and        E.  Combs ,  pro- 
viced  other  helpful  information.    Valuable  su'-r-estions  were  made  by 
Dr.  Frederick  V.  YTaugh  of  the  Office  of  Distribution,  Special 
acknovrledgments  are  due  to  Dr.  '■[.  K.  Ebling  and  :t,  S.  J.  Gilbert 
of  the  irisconsin  Crop  and  Livestock  Service,  to  llesGrs,  B.  u.  Ben- 
nett and        D.  Bormuth  of  the  Bureau  of  Agricultural  Lconomics, 
Burton  G.  Wood  of  the  Office  of  Distribution,  J,  i.  .   Jensen  of 
Michigan  State  College,  and  Frofossors  Asher  Ilobson,  F.E,  IicNall 
R.  K.  Froker,  and  C.  LI.  Hardin  of  the  Universit^^  of  Wisconsin,  . 
A,  Tf.  Rudnick  of  loira.  State  College,  and  K.  P.  Davis  of  the  Univer- 
sity of  Nebraska. 
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1.  steps  should  be  taken  promptly  to  increase  the  production  of 
nonfat  dry  milk  solids  by  at  least  400,000,000  pounds  per  year, 
bringing  the  annual  output  up  to  about  650,000,000  pounds. 

Need  for  this  comnaodity  is  so  urgent  that  many  domestic  require- 
ments will  have  to  remain  unfilled  in  1944  in  order  to  provide 
for  m.ilitary,  •  Lend-Lease,  and  rehabilitation  necessities.  The 
proposed  expansion  is  the  only  available  source  of  a  signifi- 
cant increase  in  the  supioly  of  animal  protein  and  other  needed 
nutrients  at  a  time  v/hen  the  need  for  nourishing  foods  may  be 
increased  by  the  requirernents  of  underfed  peoples  about  to  be 
"liberated..    Prompt  action  is  necessary  because  the  need  may 
reach  its  peak  in  1945. 

2.  The  proposed  increase  will  represent  only  a  further  accelera- 
tion of  the  longtime  upward  trend  in  the  production  of  nonfat 
dry  milk  solids,     production  and  consumption  in  the  United 
States  were  increasing  rapidly  before  the  Y/-ar,  practically 
doubling  from  1935  through  1941,  and  many  new  uses  were  being 
discovered.     Because  of  the  high  nutritive  value  and  compara- 
tively low  price  of  this  carm'iodity,  there  is  reason  to  believe 
that  domestic  consumiotion  will  rain  rapidlv  vrhen  supplies  a.^ain 
are  adequate,  even  though  it  has  been  cut  dovm  at  present  by 
vfar  exigencies,  'iith  a  moderate  amount  of  governmental  aid  after 
the  end  of  the  rehabilitation  period  to  make  up  for  this  dis- 
location, it  is  probable  that  domestic  cons urapt ion  will  be  fully 
equal  to  the  suggested  production  in  a  fev;  years  from  that  time, 

3.  Nonfat  dry  milk  solids  is  an  exceptionally  valuable  food.  It 
contains  a  large  proportion  of  protein  vrhi  ch  is  equalled  only 

by  egg  protein  and  is  definitely  superior  to  most  other  proteins. 
It  provides  a  large  quantity  of  lactose, or  milk  sugar ,v/hich  is 
highly  digestible,  and  it  carries  comparatively  large  proportions 
of  calcium,  phosphorus,  and  a  number  of  needed  vitamins,  includ- 
ing riboflavin,  which  is  deficient  in  many  diets.    ITonfat  dry 
milk  solids  is  especially  valuable  as  a  supplement  to  diets 
consisting  principally  of  vegetable  foods. 

4.  I'lonfat  dry  milk  solids  is  highly  economical.     Its  cost  per 
pound  is  only  a  fraction  of  that  of  powdered  eggs  and  is 
materially  lower  than  that  of  the  solids  other  than  fat  in  either 
cheese  or  evaporated  milk.     This  low  cost  is  largely  explained 

by  the  fact  that  it  still  is  a  byproduct  of  butter  and  fluid 
.   cream,  vj-ith  the  result  that  the  major  cost  of  the  milk  involved 
is  assuned  by  the  other  products. 

5.  The  increased  output  of  nonfat  dry  milk  solids  can  be  obtained 
at  a  moderate  cost.     L'.ore  than  six  times  as  much  skim  milk  as 
is  required  for  the  proposed  increase  is  now  fed  to  animals 

on  farms.     The  requisite  quantity  can  be  obtained,  perhaps  with 
no  increase  over  present  inducements,  by  assuring  the  farmers 


and  creameries  involved  of  a  continued  inarket  for  the  product 
and  providing  at.  government  expense  the  necessary  facilities 
in  localities  vrhere  they  are  needed  but  are  not  availcible. 

Fear  that  they  yrill  bo  unable-  to  dispose  of  their  output  of 
nonfat  dry  milk  solics  after  the  end  of  the  rehabilitation 
period  is  the  principal  reason  deterring  many  creameries  from 
entering  upon  its  manufacture.  This  possibility  is  a  m.ajor 
risk  to  each  of  them,  the  more  so  since  those  vrho  are  among 
the  last  to  enter  this  field  may  yrell  be  among  the  first  to 
be  cro^vdcd  out  of  it  if  demand  slackens.     By  providing- a 
continued  market  for  this  product. for  several  years  after  the 
close  of  the  rehabilitation  period,  the  goverment  can,  in 
effect,  pool  these  risks  and  can  assume  them  much  more  econom- 
ically than  can  the  individual  creameries. 

Use  of  goverrjnent  funds  in  providing  drying  facilities  in 
appropriate  localities  Yrill  expedite  the  increase  iii  production 
and  will  reduce  the  total  of  other  inducements  which  must  be 
offered  to  obtain  a  given  increase.     Government  funds  already 
have  been  used  In  the  erection  of  plants  and  the  purchase  of 
equipment  for  rail-':  drying  and  tliis  practice  may  well  be 
extended  to  the  provision  of  all -the  facilities  involved, 
includinr  m.ilk  cooling  eauipment  on  farms  shifting  from  farm 
separation  to  whole  milk  delivery. 

For  most  effective  results,  a  definite  goal  should  b  c  s  e  o  a  nd 
announced  publicly  and  the  measures  adopted  to  achieve  it 
should  be  coordinated  into  a  broad  program.     Two  important 
steps  toward  increased  production  already  have  been  taken. 
The  viar  Food  Adjuinistration,  through  Food  Distribution  Order 
Flo.  93,  has  iioved  to  end  the  diversion  of  nilk  from  nonfat  dry 
milk  solids  and  butter  to  roller  process  dried  whole  milk, 
12  percent  fat  dried  milk,  and  similar  -products.     The  Office 
of  price  Administration  has  advanced  the  ceilinr:  ^rice  on 
roller  process  nonfat  dry  milk  solids  to  14  cents  per  -i-iound, 
narrowing  the  discount  under  spray  process  powder  to  only 
half  a  cent  per  pound.     The  higher  price  level  for  roller 
process  powder  will  encourage  a  shift  from  farm  separation  to 
whole  milk  delivery  in  numerous  localities  where  formerly  the 
feeding  demand  for  skim  milk  overbalanced  the  returns  from 
drving  by  the  roller  process , 

Additional  raeasures  in  a  broad  program  designed  to  obtain  &.n 
increase  of  400,000,000  pounds  of  nonfat  dry  milk  solids 
should  include: 

A.  Assurance  of  a  continued  me-rket. 

B.  publicity  to  bring  out  clearly  the  need  for  this  foodo 

C.  Education  concerning  feeding  substitutes  for  skim 
milk.  • 

F.  Specific  price  ceilings  uvon  competing  dairy  products, 

E.  equality  improvement  program.. 

F.  More  intensive  use  of  existing  drying  equipment. 

G.  Decentralized  purchasing  and  storing  arrangements. 


•  m:i  TO  OBTAIfl  UORE  ITOHFAT  DRY  HILK  SOLIDS 
Background  of  the  Industry,   Its  Status,  end  Outlook 


DEVELOPISDFT  OF  TBE  DRY  :i:Ui  IiIDUSTRY  IxT  THE  UIJITED  STATES 

In  contrast  to  butter -making  and  cheese  manufacture,  v^hich  trace 
back  to  ancient  times,  the  drying  of  lailk  is  a  recently  discovered 
process.     True,  }larco  Polo  reported  that  the  iiongols  used  dried 
mares  '  milk  (^z  in  a  doughlike  form  v/hich  they  obtained  by  placing 
the  milk  in  shallow  depressions  in  rocks.     Probably  the  drying 
\7as  favored  by  climatic  conditions,    ilo  general  use  of  dried  milk 
has  been  reported  mtil  recent  times. 

With  the  exception  of  the  milk  consmed  as  fluid  milk  and  used  in 
the  manufacture  of  cheese,  the  milk  fat  or  butter fat  was  long  the 
only  portion  of  the  milk  nutrients  entering  directly  into  commerce 
as  a  food.     In  contrast  to  the  fat  which  could  be  separated  readily 
from  the  remainder  of  the  milk,  churned  into  butter,  and  loreserved 
by  salting,  or  later  by  cold  storage,  the  milk  solids  other  than 
fat  were  difficult  to  concentrate  and  preserve  in  an  acceptable 
form.     Because  they  had  to  be  used  promptly  to  avoid  spoilage,  they 
commonly  were  fed  to  animals  on  farms. 

The  situation  Y/as  much  like  that  which  prevailed  in  the  cattle 
industry  in  California  a  hundred  years  ago.     Largely  because  of  the 
difficulty  of  preserving  the  meat,  the  animals  v/ere  slaughtered  for 
their  hides  and  tallow.which  were  the  onlv  parts  having  a  comi'ier- 
cial  value.     The  meat, which  now  is  much  more  valuable,  was  left  to 
rot  or  to  be  eaten  by  v.'ild  animals. 

Observant  farm.ers,  noting  the  high  value  of  the  skim  milk  as  a 
supplement  to  corn  and  other  carbohydrates,  planned  their  opera- 
tions v.dth  an  eye  to  its  efficient  use,  but  part  of  it  frequently 
went  to  waste  in  some  sections  vfncre  dairying  vrs^s  intensive.  In 
roany  instances,  also,   its  value  7;as  comparatively  low  because  a 
number  of  farms  had  large  quantities  of  slcim  milk  for  feed  in 
proportion  to  the  num.ber  of  animals  consuming  it. 

In  the  present  century,  and  particularly  mthin  the  past  two 
decades,  research  in  human  nutrition  has  emphasized  the  ^Tilue  of  the 
solids-not-fat  in  milk,  as  well  as  milk  fat,  and  increasing  atten- 
tion has  been  given  to  the  importance  of  these  nutrients  in  human 
diets.     Few  people  realize  the.t  the  nonfat  solids  constitute 
approximately  two-thirds  of  the  total  milk  solids,  but  on  an  .aver- 
age, milk  containing  4  percent  of  butterfat  contains  also  8.67 
percent  of  solids-not-fat.  From  a  nutritional  standpoint., 


the  nonfat  solids  are  of  greater  value  than  the  butterfat,  even 
though  the  butter  fat  is  the  iiost  valuable  fat  ImoT/n. 

The  first  mention  of  dried  nillc  in  Europe  is  found  in  IGIO  v/hcn 
Nicholas  Appert  produced  dried  riilk  tablets,   (2)     Then  a  patent 
Y/as  issued  to  a  LIr.  Birdseye  in  1050 1  and  in  1055,  a  British 
patent  was  issued;  another  in  lOOG;  and  up  to  about  1090,  various 
other  patents  wore  issued  for  various  processes  of  milk  drying. 
In  general  these  processes  involved  the  addition  of  sugar,  starch, 
soda,  or  other  substances  to  the  ailk  and  v/ere  unsatisfactory  for 
coim'iier cial  use.  .  ■ 

It  is  noticeable  that  the  earlier  attempts  antedated  the  manufac- 
ture of  condensed  and  evaporated  milk.     Gail  Borden  first  produced 
and  marketed  unsv/eetened  condensed  milk  in  1856  and  John  B.  Meyen- 
berg  first  produced  unsweetened  evaporated  milk  commercially  in 
1885.     (2)    The  production  of  both  these  commodities,  hov/ever, 
became  of  vdde  importance  cornorcially  v/hile  milk  drying  was  in 
its  early  stages.  -  . 

"Malted  milk,  which  is  a  form  of  dried  milk,  was 
first  marketed  in  1887  —  the  process  having  been 
invented  in  1883.    Dried  milk  vathout  mixture  of 
foreign  ingredients  as  it  is  knovm  today  was  not 
produced  in  the  United  States  until  1898,  The 
first  roller  process  of  drying  milk  vmich  was 
widely  used  was  invented  in  1902  and  the  first 
aDplication  of  sprav  drving  of  liquids  to  the  milk 
industry  was  made  in  1901  by  Robert  Stauf  of  posen, 
Gemany.''  (19) 

About  the  begin_ning  of  the  present  century,  a  number  of  efforts  to 
develop  new  milk  drying  processes  were  made  in  the  United  States, 
principally  in  ilew  York  State  and  Verraont.    About  1902-03,  some 
skim  milk  was  beinn-  dried  at  Cherry  Valley  and  Adams,  Uew  York, 
using  processes  now  obsolete.     Then  iii  1906,  the  first  spray 
drying  of  skim  milk  irjtis  begun  on  a  couimercial  scale  at  Arcade, 
New  York.     In  California,  the  first  spray  process  plant  ims  built 
at  Ferndale,  about  1910.    Various  improvements  in  processes 
continued  to  be  ma.de  and  additional  plants  were  erected.  Produc- 
tion for  some  time  was  concentrated  in  Hew  York  and  California,  (2) 
In  New  York,  the  developments  arose  principally  from  a  desire  to 
find  a  profitable  market  for  the  skim  milk  which  remained  from,  the 
production  of  fluid  crea.m;  in  California,  the  skim  milk  Y/as  left 
from  the  manufacture  of  butter  in  v/hole  milk  creameries.  Produc- 
tion was  principally  of  nonfat  dry  milk  solids  for  human  food. 

About  1927,  the  production  of  nonfat  dry  milk  solids  for  feed, 
largely  in  roller  process  plants,  began  to  increase  materially. 


This  increase-  v/as.  pronounced  in  certcin  areas  of  the  Middle  >fest. 
Part  of  the  demand  for  such  powder  arose  fro-.ri  the  desire  of  the 
"better  established  milk  plants  for  a  high  quality  feed  for  sale 
to  their  patrons.     By  distriouting  feed  quality  nonfat  dry  milk 
■solids  to  their  patrons,  the  established  plants  encouraged  their 
patrons  to  deliver  a  larger  proportion  of^the  total  milk  produc- 
tion in  their  respective  areas,     prices  v^'^ere  caiparatively  lavi 
for  animal  feed  and  production  vras  in  competition  for  skim  milk 
with  another  recently  developed  by-product  of  the  dairy  industry, 
■  the'  production  of  casein  for  industrial  uses. 

I'lany  of  the  midwestern  creameries  bef-an  drying  operations  in 
buttermilk,  then  began  to  dry  some  skim  milk  for  feed,  and  presently 
turned  to  the  tDroduction  of  nonfat  drv  milk  solids  for  human  food. 
Only  a  very  small  proportion  of  the  roller  process  nonfat  dry  milk 
"solids  (exclusive  of  the  vacujumi  drijEi  process)  was  taken  for  food  at 
first,  but  the  percentage  increased  gradually  and  about  30  percent 
of  the  total  cutr)ut  of  nonfat  dry  milk  solids  for  food  before  the 
outbreak  of  the  war  consisted  of  roller  process  pov/der. 

Description  of  Llanufactui-e  (12) 

Tv/o  main  t^jpes  of  processes  are  employed  in  the  pov/dering  of  milk, 
the  spray  process  and  the  roller  process.     These  processes  are 
quite  different  in  principle.     In  the  spray  process,  the  milk  is 
dried  by  being  sprayed  into  a  chcjnbcr  containing  heated    air;  in 
the  roller  pro  cess,  a  film  of  ■lilk  is  deposited  upon  revolving 
heated  rollers , 

In  the  spray  process,  the  spraying  is  effected  either  by  forcing 
the  milk  under  very  high  pressure  through  small  orifices  in  spray 
nozzles  or  by  permitting  it  to  trickle  onto  a  disc  revolving  at 
high  speed,  with  the  result  that  the  milk  is  atomized  by  centri- 
fugal force.     In  either  process,  the  milk  particles  are  reduced  to 
a  fine  mist  and  on  contact  with  the  heated  air,  they  are  dried 
quickly  and  are  deposited  on  the  bottom  and  sides  of  the  drying 
chamber , 

In  the  roller  process, 'the  milk  is  dried  as  a  film  upon  a  heated, 
revolving  drum.     The  milk  is  applied  to  the  drum  in  the  form,  of  a 
thin  film,  and  the  dried  film,  is  subsequently  removed  by  m.eans  of 
a  Imife  or  scrsiTDer.     The  roller  -nrocess  drvers  are  of  two  tvnes, 
those  in  which  the  drying  is  done  at  atmospheric  pressure  and 
those  in  \^iich  the  drying  is  accomplished  in -a  partial  vacuum. 

Comparatively  fevr  vacuLim  drum  rollers  are  in  operation  and  most  of 
the  roller  process  nonfat  dry  milk  solids  produced  in  the  United 
States  is  of  the  atmospheric  t;;,T'e. 

In  the  -vT-cuum'  drujn  type  of  roller,  process,  operations  are  conducted 
in  a  vacuum  chamber,  taking  advanta-e  of  the  fact  that  dryin?;  can 


then  be  effected  ct  lovrer  tempcratiir es  becausG  evaporation  takes 
place  Tiioro  rapidly.     Coini:.only,  the  construction  is  of  the  single 
drum  t^^pe.  The  i.iilk  may  be  S]prc.yod.  upon  the  revolvin^^j  drum  or  may 
be  applied  to  the  drum  in  a  variety  of  ways  and  v/hen  dried,  is 
removed  from  the  drum  by  a  scraper  'Yhich  causes  the  dried  milk  to 
fall  into  a  conveyor.     The  dried  milk  removed  from  the  rollers  in 
all  types  of  the  roller  process  is  primc.rily  in  the  form  of 
flakes  v/hich  znust  be  {;;round  into  pov.rdor  of  the  requisite  fineness. 

In  the  atmospheric  roller  process,  either  a  single  drum  or  double 
opposing;  drums  may  be  employed.     If  a  single  drum  IS  us  c  d.  the 
milk  usually  is  precondensed  before  drying  because  liquid  milk  is 
too  thin  to  provide  a  satisfactory  thiclcness  of  film.     In  some 
types  of  construction,  the  drum  revolves  in  a  reservoir  of  precon- 
densed milk,  picking  up  a  thin  film;  in  some  others,  the  milk  is 
applied  to  the  main  drum  by  a  smrdler  drum  v/hich  revolves  in  the 
reservoir.     In  still  another  type,  the  milk  is  sprayed  upon  the 
drum.     In  the  double  drum  construction,  tv/o  opposing  druras  are  set 
about  0.02  of  an  inch  apart,  actinr  as  a  reservoir  for  the  milk, 
vdriich  is  fed  betiveen  them  by  a  pipe  placed  above  them.     The  drums 
revolve  toward  each  other,  picking  up  a  thin  film  of  milk,  which  is 
dried  and  adheres  to  the  drums  until  it  reaches  the  scraper  on  each 
drum  which  removes  the  film,   causing  it  to  fall  into  conveyors. 

In  addition,  some  skim  milk  is  dried  by  the  "flake"  method,  in  which 
the  milk  is  concentrated  to  a  batter-like  consistency,  treated  xi'-ith 
air  under  pressure  to  render  it  full  of  bubblt-s  and  /.ore  viscous, 
and  then  fed  to  a  carrier  in  the  form  of  a  woven  wire  belt  which 
passes  the  product  into  a  dryir^g  chamber  where  heated  air  is  applied 
to  both  sides  of  the  layer  on  the  belt.     (2)    The  product  is  packed 
in  the  form  of  flakes. 


Production  Increased  Rapidly  After  "iTorld  T.'ar  I 


Although  data  of  nonfat  dry  milk  solids  production  in  the  United 
States  go  back  to  1916,  the  principal  increase  occurred  after 
1919.     The  annual  output  grew  from  less  than  42,000,000  pounds  in 
1920  to  more  than  400,000,000  pounds  in  1940.     These  figures  are 
for  food  and  feed  combined.    Until  about  1927,  nearly  all  the  out- 
put consisted  of  milk  dried  for  human  food.     In  1927,  the  drying  of 
skim  milk  for  animal  feed  began  to  increase  rTa.teriallY  and  con- 
tinued  to  ",ain  in  volume  until  soiietime  in  1942.  1/     The  annual 


1/  Information  received  from  Rcud  LIcCann,  L'irector,  The  American 
Dry  I.iilk  Institute,  Inc. 
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data  are: 


Year 

production 

Year 

Production 

(1,000  lbs.  ) 

(1,000  lbs.) 

1916 

16,463 

1930 

255^432 

1917 

22,624 

1931 

261,938 

1918 

26,202 

1952 

270,276 

1919 

34,945 

1933 

288,114 

1920 

41,893' 

1954 

294,935 

1921 

■  38,546 

1935 

297,505 

1922 

40,617 

1936 

349,551 

1923 

62,251 

1937 

372,203 

1924 

69,219  . 

■1938 

•    -449,291  ■ 

1925 

73,317 

1939 

408,380 

1926 

91,718 

1940 

481,805 

1927 

118,123 

1941 

,  476,497 

1928 

147,996 

1942 

626,280 

1929 

207,579  . 

1943 

477,881 

Beginning  with  1935,  the  quantity  of  nonfat  dry  railk  solids  pro-  . 
duced  for  human  food. in  the  United  States  was  reported  separately 
from  that  manufactured  for  feed.     By  that  year,  the  production 
for  food  aggregated  nearly  190,000,000  pounds,  or  63  percent  of  the 
total  output.     Production  for  human  food  gained  rapidly,  amounting 
to  522,000,000  pounds  in  1940  before  the  impact  of  war  demands. 
Then  it  jiJtmped  to  565,000,000  pounds  in  1942,  but  fell  off  sharply 
in  1943.    Annual  data,  beginning  ivith  1935,  of  the  production  of 
nonfat  dry  milk  solids  for  food  are: 


Year 

Production 

(1,000  pound 

1935 

187,531 

1936 

223,827 

1937 

244,511 

1938 

289,121 

1939 

267,360 

1940 

321,843 

1941 

365,984 

1942 

565^256 

1943 

453,757 

Approximately  60  percent  of  the  skim  milk  dried  for  food  in  the 
United  States  originated  in  the  Ittddle  '.Test  in  1942,  with  Wisconsin 
leading  all  other  States  by  a  considerable  margin.    Host  of  the 
remaining  40  percent  is  divided  betr/een  two  widely  separated  areas 
which  include  Hew  York,  Vcrm.ont,  andpennsylvania  i.n  the  ITortheast, 
and  the  pacific  Coast  States  and  Ide.ho  in  the  ".-.est. 

It  should  be  borne  in  mind,  however,  that  under  the  pressure  of 
war  demands,  the  geographic  distribution  of  nonfat  dry  milk  solids 
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output  is  shiftinp  rcDidlv.     Increased  consw.iption  of  fluid  milk 
has  cut  do'.m  the  quantities  of  skin  milk  available  for  drying  in 
the  liorthcast  and  in  a  nuiabcr  of  areas  along  the  Pacific  Coast,  as 
r/ell  as  in  other  places  scattered  tliroughout  the  United  States. 
Production  is  tending  to  increase  in  areas  of  coaiparatively..  heavy 
mill:  production  yrhcre  the  skim  milk  formerly  v.'as  fed  to  animals. 

Drying  Capacity  is  l^uch  in  Excess  of  Production 


It  appears  that  the  drying  capacity  of  spray  process  anc  roller 
process  plants,   combined,   in  the  United  States,  would  permit  an 
arjiual  output  of  nonfat  dry  milk  solids  nearly  three  times  as  great 
as  that  of  1943,  provided  that  adequate  supplies  of  milk  are  avail- 
able for  drying  and  that  other  factors  arc  -favorable.     This  makes 
allov/ance  for  seasonal  variations  in  the  supply  of  milk.     On  the  basis 
of  peak  capacity,  the  annual  output  could  be  much  larger.  2/ 

A  study  of  drying  capacity,  based  on  the  equipment  on  hand  January  1, 
1943,   indicated  that,  allowing  for  seasonal'  variations  in  the  milk 
supply,  more  than  1,200,000,000  pounds  of  skim  milk  could  be'  dried 
yearly  in  the  United  States,  provided  that  other  conditions  vrere 
favorable.     Since  that  date  there  has  been  a  further  increase  in 
drying  capacity,  principally  in  1,'isconsin  and  Minnesota, 

.Even  in  June,  T/hich  is  the  month  of  heaviest  milk  production,  the 
output  of  nonfat  dry  milk  solids  in  that  month  of  1942  v/as  far  belov/ 
capacity  although,  doubtless,  many  pl£.nts  v/ere  producing  at  or 
close  to  their  respective  capacities.     It  \"as  noticeable  that  the 
ratio  of  production  to  capacity  v.^.s  higher  generally  in  the  spray 
process  than  in  the  roller  process  plants.     The  difference  betv.reen 
capacity  and  output  was  even  more  pronounced  in  June,  1943. 

Prices  of  Ilonfat  Dry  Lilk  Solids  (for  Hijonan  Food) 


Trade  reports  indicate  that  dui'ing  ".Tor Id  '.Var  I  and  for  some  time 
thereafter,  spray  process  nonfat  dry  milk  solids  cor.inanded  approx- 
iraately  25  cents  per  pound,  vrith  one  lot  selling  for  export  at 
32  cents  per  pound.     Prices  did  not  drop  below  10  cents  per  pomid 
until  late  in  the  1920 's. 

Compilation  of  monthly  averr.ge  prices  of  nonfat  dry  milk  solids  for 
human  food  was  begun  by  the  United  States  Department  of  Agriculture 
in  1935.     From  January,  1935  to  December,  1940,  the  price  of  nonfat 
dry  m.ilk  solids  for  human  food  ranged  from  4.70  cents  per  pound  in 
April,   1939,  to  9,62  cents  in  November,   1936,     The  lev'  price  csjne 

2/  The  reasons  for  the  comparatively  smalF  output  will  be  discussed" 
below,  pp.  13-15. 
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c,t  a    time  7-rhen  prices  of  all  manufactured  dairy  products  generally 
were  depressed  by  the  unusually  heav^^  flov;  of  mill:  in  1938  and  the 
large  carryovers  of  butter  and  other  products.     Prices  advanced 
rapidly  during  1941  and  the  highest  price  shoivn  was  14.02  cents  per 
pound  in  November,  1945.  . 

The  monthly  average  prices  compiled  by  the  Department  represent 
vreighted  averages  of  the  prices  received  by  selected  dryers,  repre- 
senting a.  large  proportion  of  the  industry.     These  prices  are  for 
both  spray  process  and  roller  process  nonfat  dry  mil--:  solids. 
Obviously,  the  level  of  prices  is  affected  by  the  proportions  of  spray 
process  and  of  roller  process  nonfat  dry  milk  solids  entering  into  the 
total  for  each  month.     Prices  for  these  two  types  are  not  quoted 
separately. 

Even  v/ith  the  present  vr.rtime  demnd  for  the  nutrients  contained  in 
the  nonfat  dry  milk  solids,  the  returns  from  it  constitute  a  minor 
portion  of  the  current  value  of  v;hole  milk.     For  example,  a  number 
of  Minnesota  creameries  early  in  1943  estimated  the  value  of  the 
fat  in  100  pounds  of  3.5  percent  milk  at  approximately  three-fourths 
and  the  skim  milk  at  one-fourth  of  the  total  price  paid  for  the  . 
^vliole  milk,  (lO) 

In  part,  this  relatively  low  value  of  the  skim  milk  reflects  the 
level  established  by  ceiling  prices  on  nonfat  dry  milk  solids.  i.Iilk 
solids-not-fat  in  condensed  skim  milk  are  commandin'^'  about  21  cents 
per  pound  on  a  dry  basis.     (9)    Likev/ise,  the  price  of  14  l/2  cents 
per  pound  for  spray  process  nonfat  dry  milk  solids  is  much  loiver 
than  comparable  values  for  equivalent  nutrients  in  the  form  of 
evaporated  or  condensed  milk,  . 


NOITFAT  DRY  LIILK  SOLIDS  IS  All  EXCEPT lOl'TALLY  VALUABLE  FOOD 

llonfc.t  dry  iTxilk  solids  contL:;ins  c.ll  the  food  values  of  Y.rholo  milk 
except  the  milk  fr.t  or  butter fc.t  and  the  substances  cc.rried  in  it, 
Ilonfo.t  dry  milk  solids  contains  the  milk  proteins,  the  milk  sugar, 
and  certain  important  minerals  and  v/ater -soluble-  vitamins  vrhich  are 
excecdinrly  valuable  from  a  nutritional  standpoint,    T.'ith  the  excep- 
tion  of  a  fc'i:  vitamins  which  are  partially  destroyed  by  any  heat 
treatment,  there  is  no  indication  that  any  of  the  elements  contained 
in  skim,  milk  are  lost  in  a  properly  handled  povdering  process. 

The  approximate  composition  of  nonfat  dry  milk  solids  is: 

Protein 

Lactose  (milk  sugar) 
Minerals 
i.Ioisture 
Butter fat 


•It  also  provides  relatively  large  quantities  of  riboflavin,  which 
is  deficient  in  many  diets,  as  v/ell  as  significant  amounts  of  thia- 
min, niacin,  and  other  water-soluble  vitamins.    Very  likely,  too, 
the  long  course  of  mammalian  evolution  may  have  caused  the  nonfat 
solids  of  milk  to  have  other  nutritional  advantages  which  have  not 
yet  boQn  discovered  by  research. 

Perhaps  the  principal  value  of  nonfat  dry  milk  solids  as  a  food 
arises  from  the  large  proportion  of  animal  protein  of  the  highest 
type  which  it  supplies.    According  to  Sherman, 

"♦..Thus,  the  various  moans  of  estimating  relative 
values  agree  in  indic:".ting  thit  the  proteins  of 
animal  origin  are,  as  a  class,  superior  in  nutritive 
efficiency  to  those  derived  from  plants.     Of  the 
animal  proteins,  those  of  whole  milk  and  whole  eg?;s 
share  the  first  place.    Next  come  the  animal  tissue 
proteins,  among  v/hich  those  of  liver  and  kidney 
probably  have  a  higher  ve^lue  than  those  of  muscle. 
Among  the  nutritionally  important  plant  protein  mix- 
tures, those  of  the   cereal  grains,  although  inferior 
to  most  animal  proteins,  have  been  found  to  possess 
a  higher  value  than  those  of  the  legumes,.,.,''  (18) 

In  this  connection,  it  should  be  borne  in  mind  that  none  of  the  milk 
protein  is  contained  in  the  butterfat. 

The  lactose,  or  m.ilk  sugar,  found  in  nonfat  cry  milk  solids  is  of 
unusual  value, 

"...The  rate  of  digestion,  or  hydrolysis,  of  lactose 
is  slov/er  than  that  of  other  sugars,  ana  consequentlv 
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"its  presence  persists  in  the  digestive  tract  for 
a  longer  period  during  digestiozT  then  other  sugars. 
This  is  of  distinct  e.dvc.nta.-.c  to  the  c.ninr.l  for 
several  reasons.     In  the  first  place,  lactose 
■favors  the  grov.'th  of  Lactobacillus  acidophilus  and 
pronote.s  carbohydrate  fermentation.     This,,  in  tuji-n, 
reduces  the  formation  of  toxic  decomposition  pro- 
ducts due  to  protein  putrefaction.     Secondly,  it  is 
knov/n  that  lactose  favors  calci^om  assimilation,  o       (8 ) 

There  is  some  reason  also  to  believe  that  lactose  favors  the  absorp- 
tion of  phosphorus. 

filth  respect  to  minerals,   it  should  be  borne  in  mind  that  for 
Americans,  the  principal  source  of  the  calcium  required  for  so-jnd 
bones  and  teeth  is  the  milk  elements  in  the  diets.   (13)    Little  is 
obtained  from  most  cereal  prepc. rations  since  most  of  the  calcium 
in  cereals  is  found  in  their  outer  coats,  Y;hich  are  ordinarily  dis- 
carded.    Only  moderate  quantities  are  obtained  from  vegetables  and 
very  little  from  meat.     In  contrast  -  ith  these  foods,  a  quart  of 
mi  11c,  according  to  Sherman,  contains  more  calciuzri  than  a  quart  of 
limeivater.     In  addition,  milk  contains  a  liberal  supply  of  phosphorus, 
■'.'Thich  also  is  important  in  boi^.es  and  teeth,  as  v/ell  as  moderate 
quantities  of  other  mdnerals. 

It  is  evident  that  nonfat  dry  milk  solids  is  an  exceptionally  valua- 
ble food.    An  increased  su^plv  is  required,  in  vieiv  of  the  limited 
Quantity  of  "rn'otective  foods"  in  -orospect  for  tlii s  country.  This 
requirement  is  the  more  urgent  because  of  the  need  T.'hich  v:±ll  be 
experienced  for  such  foods  in  the  countries  to  be  liberated,  par- 
ticularly in  the  feeding  of  children  and  invalids. 

Uses  of  Nonfat  Dry  Li Ik  Solids_in  Human  Diets  in  the  United  States 

Only  a  comparatively  small  proportion  of  the  nonfat  dry  milk  solids 
consumed  as  food  in  the  United  States  is  reconstituted  and  consumed 
as  fluid  skim  milk.     In  some  institutions,  nonfat  dry  milk  solids  is 
reconstituted  'ddth  cream  to  produce  fresh  v.'holc  milk,  but  in  general 
the  consum-otion  of  nonfat  dry  milk  solids  occurs  indirectly  as  an 
ingredient  of  vp.ricus  foods. 

The  outstanding;  use  of  nonfat  dry  milk  solids  is  in  the  baking; 
industry.     It  is  used  in  most  Icinds  of  bread  and  also  in  cakes  and 
cookies.     Other  uses  include  ice  cream,  particularly  in  the  South 
where  supplies  of  fresh  milk  are  sm.all,   sausages  and  cereals,  cake 
and  pancake  flour,   cream  soups,   chocolate  milk  and  cultured  butter- 
milk, confectionery,  and  chocolate.     It  is  used  also  in  the  prepara- 
tion of  foods  by  numerous  institutions,  but  tc  date  it  has  been  used 
only  to  a  very  limited  extent  in  home  cooking.     Small  quantities  are 
utilized  in  the  manufacture  of  i:iargar ine ,  principally  in  the  South, 
and  also  in  certain  infant  foods. 
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TliE  FOR  NONFAT  DRY  LILK  SOLH^S  FAS  FAR  OUTRUIJ  TKE^' SUPPLY 

Sharply  incrociscd  qunntities  of  nonfat  dry- milk  solids  c.?.mc  to  be 
roquestod  early  in  1942,  when  ocean  shipping  space  was  greatly 
reduced  by  the  success  of  the  German  submarine  warfare.     In  the 
earli'^r  stages  of  Lend-Lcase,  the  demand  for  dairj''  products  for 
that  purpose  had  been  centered  upon  evaporated  mill:  and  cheese, 
but  v;ith-  limited  shipping  available,  the  emphasis  shifted  to  the 
most  hij^hl;;'"  concentrated  foods  which,  among  the  dairy  foods,  was 
nonfat  dry  mi  11^  solids,    Vfith  the  slackening  in  the  demand  for 
cheese  and  evaporated  milk,  the  v/ay  was  opened  for  a  considerable 
shift  from  those  products  to  butter  and  nonfat  dry  mill:  solids,  and 
production  of  nonfat  dry  milk  solids  for  human  food  jumped  from 
366,000,000  pounds  in  1941  to  565,000,000  pounds  in  1942.    About  a  . 
quarter  of  this  increase  may  be  attributed  to  the  conversion  of  a 
ni-Tmber  of  plants  from  anim.al  feed  to  huiaan  food. 

Repeated  Attem.pts  to  Increase  Production  were  I.Iadc 

At  the  outset  of  the  Lend-Lease  program,  ifhon  cheese  and  evaporated 
milk  were  keenly  desired,  it  i.v'-as  announced  merely  that  increased 
quantities  of  nonfat  dry  m.ilk  solids  vrould  be  wanted  also,  and  that 
prices  would  be  supported  at  levels  which  would  assure  liberal  sup- 
plies.    Pursuant  to  this  statement;,  the  price  of  nonfat  dry  millc 
solids  for  food  advanced  from  approximately  7  cents  per  pound  in 
April  to  12.77  cents  in  December,  1941. 

A  goal  of  525,000,000  pounds  of  nonfat  dry  milk  solids  for  1942  vrc.s 
announced  by  the  United  States  Department  of  Agriculture  on  December 
22,  1941,  that  the  Department  was  prepared  to  assist  cooperatives 
in  the  expansion  of  their  facilities  for  the  production  of  certain 
manufactured  dairy  products,  botJi  in  financing  and  in  obtaining 
priorities,  and  also  to  assist  pri-/t.te  concerns  in  such  expansion 
by  aiding  V'.dth  priorities  and  tax  amortization. 

On  July  21,   1942,  the  Department  ad\^.nced  the  price  of  spray  process 
nonfat  dry  milk  solids  to  14  cents  per  pound,  but  lowered  the  price 
of  roller  process  to  11  l/2  cents,  ho-oinr:  to  stimulate  the  produc- 
tion  of  spray  process  powder.     Then  on  Ilovembcr  30,  the  Department 
announced  in  connection  with  supports  for  other  dairy  products, 
that  prices  of  nonfat  dry  milk  solids  would  be  supported  at  14  l/2 
cents  for  spray  process  and  12  l/2  cents  for  roller  process  povj-der 
tl'-ii-'ough  June,   1944.     These  prices  were  maintained  until  February  26, 
1944,  when  the  price  of  roller  process  nonfat  dry  mm  Ik  solids  was 
advanced  to  14  cents  -ocr  'oound,  only  half  a  cent  under  snray  iDrocess 
poi'/der . 

ITo  production  goal  for  nonfat  dry  milk  solids  was  set  explicitly 
for  1943,  but  various  statements  emxinating  from,  the  headquarters  of 


the  Office  of  Distribution,  '\.r.r  Food  iidiainistrr.tion,  indicctec  c. 
desire  for  greatly  incr:.ascd  output,  rr.nging  fron  850  ,  000  ,  000  to 
O00.,000,000  pounds  for  th^.t  yor.r. 

In  response  to  the  incentives  provided,  production  increased  sharply 
to  565,000,000  pounds  in  1942  ,  only  about  65,0'JO,000  pounds  short 
of  the  goal  set  for  tliat  year.     In  1943,  hovrever,  it  fell  off  about 
20  percent  in  spite  of  the  continued  desire  for  increased  output. 
Production  T'-as  siaallei-  in  each  month  in  1945  than  in  the  correspond- 
ing nonth  of  1S42. 

Reasons  for  Dc^.vnturn  in  produccion  in  1943 


preliminary  figures  indicr.te  a  total  for  194-3  of  nearly  454,00 j, 000 
pounds,  about  111,500,000  pounds  less  than  the  output  in  1942.  The 
drop  in  production  vrcs  alnost  40  percent  in  Noveznber,  v/hen  milk 
supplies  are  seasonally  at  their  lov  point.    Although  sa-.ie  recovery 
Y.^as  shoTr/:.'i  in  December,  the  estimate  for  that  month  wd.s  about  30 
percent  loiter  than  for  December,  1942. 

The  sharp  decrease  in  1943  is  attributable  to  the  joint'  effects  of 
a.  number  of  factors.     It  has  not  been  possible  to  make  a  thorough 
analysis  of  these  factors,  but  to  a  large  degree  they  have  arisen  from 
the  keen  com.petition  of  various  uses  for  the  reduced  suDrslv  of  m.ilk 
under  the  uneven  incidence  of  governmental  regulations  upon  the  com- 
modities involved. 

The  principal  causes  for  the  decrease,  not  necessarily  in  the  order 
of  their  2_nportance,  are; 

Increase  in  fluid  milk  consumption 
Diversion  of  milk  to  dried  "wiiolv.  milk,   12  percent 
po^rdered  milk,  condensed  skim  milk,  etc. 
Decrease  in  m.ilk  production 
Shortaj'e  of  labor  in  drvinp:  plants 
Increased  use  of  skir^  milk  in  cottage  and  other 
soft  cheeses 

More  skim  milk  used  in  manufacture  of  margarine 
Restrictions  on  sales  of  fluid  cream.. 

Indications  are  that  the  increase  in  fluid  milk  consumption  is  the 
principe.l  reason  for  the  decrease  in  the  production  of  nonfat  dry 
m.ilk  solids.     It  is  estimated  that  non-farm  consumption  of  fluid 
milk  in  1943  was  more  than  20  percent  higher  than  the  30  billion 
pounds  consumed  in  1942.     This  increase,  drc.im.  from,  a  slightly 
sm-a.ller  total  supply  of  milk,  left  a  materially  smaller  amount  for 
other  uses, 

A  considerable  share  of  the  decrease  appears  tc  bo  o.ttributable  to 

the  diversion  of  milk  to  the  production  of  dried  whole  milk, 

12  percent  fat  dried  milk,  and  even  some  17  (or  other)  percent  fat 


4. 
5. 


6. 
7. 


dried  niil;c,  and  condensed  skin  inill'.  3/    Llany  plants  find  it  inorc 
profitablc  to  produce  these  coiinnodities ,     It  appears  that  if  a  plant 
had  not  formerly  been  producing,  say  12  percent  rn.ilk  or  dried  v/hole 
nilk,   it  is  rather  difficult  to  apply  an  effective  price  ceiling, 
with  the  result  that  prices  for  these  products  novf  are  naterially 
higher  than  the  level  at  vdiich  the  respecti\-e  plcaits  would  have  been 
willing  to  soil  at  the  time  when  price  ceilings  were  established. 
In  addition,  there  is  no  set-aside  order  on  those  products,  so  that 
they  can  be   sold  in  less  than  carload  lots  at  the  higher  prices  per- 
m  i.tted  for  such  lots.  ... 

The  production  of  much  of  the  12  percent  fat  dried  milk  is  unfortu- 
nate.    It  appears  that  a  large  share  of  this  product  is  taken  by 
bakers  v/ho  have  been  accustomed  to  the  use  of  nonfat  dry  nilk  solids 
but  are  unable  to  obtain  it.     Thus  a  number  of  bakers  who  forcierly 
did  not  put  butterfat  into  their  bread  now  are  doing  so  in  the  face 
of  a  severe  shortage  of  butter. 

The  'shift  froLi  nonfat  dry  mil'':  solids  to  dried  v.^hole  milk  cannot  be 
appraised  properly  on  the  basis  of  the  infonx.tion  available,  since- 
it  is  not  knoTm  how  much  of  the  enlarged  output  is  of  the  roller 
process  and  how  much  is  of  the  spra-^^  process  t'v-oe.  .   The  increase  in 
the  roller  process  powder . appears  to  represent  oji  evasion  of  the 
butter'  set-aside  orders  and  rationing  to  a  large  degree.     This 'pro- 
duct is  subject  to  rapid  deterioration.     In  contrast  to  this  situa- 
tion, there  has  been  an  increase  also  in  the  production  of  spray 
process  dried  whole  milk  m^ade  in  accordance  vdth  rigid  specifica- 
tions and  packed  in  inert  gas,  usually  nitrogen.     This  product  keeps 
unusually  vrell,  even  in  the  tropics,  ejid  increased  quantities  of  it 
are  requested  for  military  and  other  purposes  in  1944.  Doubtless 
in  large  part  because  of  the  need  for  this  high  t^-pe  of  dried  whole 
m-ilk,  an  output  of  130,000,000  pounds  of  all  dried  whole  milk  is 
desired  in  1944.  according;  to  the  allocations  made  by  the  'Tar  Food 
Admini  s  trat  ion . 


5/  The 


decrea.se  in  the  production  of  nonfat  dry  milk  solids  for 
human  food  was  paralleled  by  a  decrease  in  the  production  for 
animal  feed,  but  the  output  of  dried  whole  milk  increased' 
sharply.     Production  of  all  three  types  decreased  nearly 
90',000,000  pounds  in  1945,  but  this  decrease  was  offset  to  an  un- 
knovm  extent  by  the  production  of  12  and  17  percent  fat  dried  milk 
for  whdch  data  are  not  available.  The  preliminary  data  of  produc- 
tion for  nonfat  dry  rn.ilk  solids  and  dried  whole  milk  for  1943  and 
1942  are,   in  thousands  of  loounds : 

1945  1942 
Uonfat  dry  milk  solids  for  food      '453,757  565,414 
Nonfat  dry  milk  solids  for  feed  24,124  61,148 

Total  nonfat  dry  mi  Ik  solids  '    4777881'  626,"562' 

Dried  whole  milk  124,500  62,167 

602,101  "  688,729" 
No  data  are  available  showing  the  proportion  of  dried  whole  milk 
produced  by  t?ie  roller  process., 
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In  scnc  sections  the  operj.tors  of  drying  plants  complain  tlic.t  they 
CLre  unable  to  hold  enough  irien  for  full  operation  (throe  shifts) 
because  of  the  competition  of  munitions  plsjits  and  other  plants 
enp:a.f;ed  in  defense  vork,  which  arv.  able  to  Dav  hlrh  ivapes  in  con- 
trast  to  the  ccilinr.s  upon  the  v"a:^"e3  vrhich  the  drvin^:  riant s  are 
able  to  oa^-.     The  iiTi-oortance  of  this  factor  cannot  be  deternined 
fro"":!  the  liiTiited  evidence  available;.  ,  but  it  niay  be  a  factor  in 
those  areas  vrfiich  are  close  to  war  plants. 

The  effect  of  the  increased  anount  of  skin  inilh  used  in  cottage  and 
other  soft  cheeses  is  not  large,  but  it  is  knovfii  that  the  production 
of  soft  cheeses  has  increased  frreatlv  because  of  the  ration  TDoints 
required  for  other  kinds  of  cheese.     The  production  of  margarine 
likewise  has  increased  greatly^  requiring  more  skim  milk.  The 
restrictions  on  the  sale  of  fluid  cream  cut  down  the  am.ount  of  milk 
separated  in  order  to  provide  such  cream. 

Set -Aside  Orders  Beccjne  Hecessary  Late  in  1942 

In  spite"  of  the  increase  in  production  in  1942,  the  supply  was 
unequal  to.  the  demand  in  the  latter  part  of  that  year  and  markets 
were  firm.     By  October  the  supplies  were  liimitcd  and  the  Agricultural 
Marketing  Adrainistration  iit.s  appealing  to  m,anufacturers  to  offer  as 
much  spray  process  powder  as  possible.     Then,  on  ITovember  5,  manu- 
facturers of  spray  process  powder  iTcre  directed  to  set  aside  90 
percent  of  their  output  of  this  -oowder  for  delivery  to  desipinated 
governi-.ient  agencies.  TTith  the  supply  of  spray  poY;der  reduced,  civil- 
ian demand  for  roller  powder  increased  durin-s;  ITovember  and  su"OT)lies 
became  inadequate  in  some  markets,   in  spite  of  the  release  of  some 
roller  process  powder  by  the  A^'.ricultuxal  Marketing  Administration, 
liarket  suDplies  p;rew  more  and  m.ore  scantv  throup;h  the  mnter  and 
spring  and  on  ILay  31  the  set-aside  order  Y'as  changed,  requiring  that 
75  percent  of  both  roller  and  spray  process  nonfat  dry  milk  solids 
be  set  aside  for  delivery  to  qoverniient  a/^encies  durinp:  Lav  and  June. 
This  proportion  was  maintained  tlirough  Larch,  1944, 

It  is  evident  that  in  order  to  obtain  supplies  for  the  armed  forces 
and  Lend -Lease,  the  government  has  been  forced  to  cut  doxm  the 
amount  of  nonfat  dry  milk  solids  available  for  domestic  consumption 
in  spite  of  increased  needs.    As  a  principal  illustration,  it  m^ay 
be  noted  that  shortage  of  nonfat  dry  m.ilk  solids  forced  the  aban- 
donment of  the  plan  to  fortifv  bread  bv  the  inclusion  of  6  percent 
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of  nonfat  dry  milk  solids. 

?,'ith  production  follemng  a  doY/nward  trend  during  1943,  the  shortage 
of  nonfat  dry  milk  solids  became  m.ore  pronounced.     The  tentative 
allocation  of  nonfat  dry  m.ilk  solids  for  1944,  as  announced  by  the 
Vfar  Food  Administration,  is: 
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Pcr cent 
of  totc-1 


Expected  supply  525  million  pounds  100.0 

Contingency  reserve  16  "  "  3.1 

'  .ilitr.ry  and  Y^mr  services        55  11.0 

Lond-Leo.se  2  GO  "  "  49.5' 

U.S.  civilians  158  "  i«        •  ^q^-^ 

Carrvover    ■  .          33  "  "  6.3 

c 


It  is  noto.blc  thr.t  the  15G,0Cj0,0j0  pounds  c.llotted  for  donestic 
civilir.n  consumption  in  1944  is  -luch  smaller  tiic.n  the  apparent  do- 
nestic consur.iption  of  aore  than  200,0J0,000  pounds  in  1942  and 
nearly  300,000,000  pounds  in  1941.     On  the  surfr.ce  it  is  only  slightly 
snallcr  than  the  donestic  consunption  in  1943,  but  it  should  be  borne 
in  mind  that  in  1943  the.  supply  of  nonfat  dry  nilk  solids  available 
for  civilians  was  supplemented  hy  substantial  quantities  of  roller 
process  dried  whole  nilk,  12  percent  fat  dried  nilk,  and  other  dried 
nilk  corapounds.    Very  little  of  these  products  r.dll  be  available  in 
1944  because  of  Food  Distribution  Order  ilc.  93,  and  it  is  obvious 
that  ix.ny  donestic  usosof  last  year  ;^'ill  go  unsatisfied  this  year 
unless  the  output  of  nonfat  dry  nilk  solids  is  increased.  These 
deprivations  can  be  avoided  at  a  moderate  cost. 

Doubtless  the  allocr-tions  have  taken  into  account  the  probable  need 
for  highly  nutritious  foods  for  many  people  noYi  under  Gerr-ian  domina- 
tion v'ho  nay  be  liberated  this  year.     Those  vrho  have  been  half 
starved  or  worse  mil  need  generous  supplies  of  good  food  to  restore 
then  to  health.    Requirements  of  this  sort  vail  bo  considerably 
higher  than  naintenance  requirements  and  they  must  be  net  if  it  is 
at  all  oossible.     This  denand  may  be  natorially  n;reater  in  1945  than 
1944  — "  an  additional  reason  for  moving  pronptly  to  increase  the 
production  of  nonfat  dry  milk  solids. 
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VIGOROUS  ACTION  SHOULD  EE  TAKEF  TO  INCREASE  TEE  OUTPUT 


From  the  conditions  described  in  the  preceding  section,  it  is 
obvious  that  the  ne.ed  for  r.onfat  drv  milk  solids  is  urc:ent.  Onlv 
in  the  event  of  necessity  ivould  the  domestic  cons'omDtion  be  cut 
as  sharT:;lv  as  is  indicated  h^r  the  allocation  for  1944.     Other  in- 
di cations  point  fm^ther  to  increasea  need  for  this  coiTunodity, 
es:pecially  in  the  event  of.  short  crops  in  1944  or  1945.    All  the 
evidence  leads  to  the  conclusion  th?t  stens  should  be  taken  -Dromptlv 
to  obtain  a.  substantial  increase  in  the  production  of  nonfat  drv 
milk  solids.  An  increase  of  325,000,300  pounds  per  year,  brin^^ing 
the  annual  production  up  to  850,000,000  pounds  for  human  food,  is 
recommended. 

This  amount,  which  is  the  loY/er  fi:'ure  su?;Rested  b^-''  the  Food  Distri- 
bution  Administration  in  1945,  is  nearly  400,000,000  pounds  greater 
than  the  1943  output  and  about  285,000,000  pounds  in  excess  of  the 
1942  production.     The  lov;er  figure  suggested  for  1943  is  taken  as 
the  goal,  in  view  of  the  fact  that  increased  quantities  of  dried 
whole  milk  also  are  bein^*  reouested  bv  the  "vYar  Food  A.dm.ini  strati  on 
for  military  and  Red  Cross  Dur"ooses.     That  for  the  Fed  Cross  includes 
the  dried  v.-hole  inilk  packaged  for  shipment  to  our  men  held  as 
prisoners  of  war.    A.n  output  of  130,000,000  pounds  is  expected  in 
1944.     Should  this  rate  be  maintained  and  the  production  of 
850,000,000  pounds ' of  nonfat  dry  milk  solids  be  achieved,  the  com- 
bined figure  XTOuld  equal  nearly  a  billion  pounds  per  year  for  human 
cons  sumption, 

A.n  increase  of  325,000,000  pounds  of  nonfat  dry  milk  solids  per 
yea;r  would  provide  aD-oroximLatelv  100,000,000  "oounds  of  animal  pro- 
teins  of  the  highest  type.     It  vrould  likewise  make  substantial 
aiTiounts  of  calciujn,  phosphorus,  and  certain  vitamins,  including 
riboflavin,  availsFole  for  human  food  annuall^.',     I-one  of  these 
nutrients  is  over-abundant  and  riboflavin  esneciallv  tends  to  be 
deficient  in  many  diets.     In  addition,  the  suggested  incres.se 
would,  provide  more  than  150,000,000  pounds  of  lactose,  or  milk 
sugar,  which  m.ay  be  especially  valuable  in  corjiection  Yilth  the 
assimilation  of  calcium,  and  phosphorus,     (See  abo've,  pp.  10-11) 

Leading  Authorities  Urge  an  Increased  Supply 

Greater  use  of  the  milk  solids  other  than  fat  for  human  food  rather 
than  for  animal  feed  is  advocated,  vvlth  no  dissenting  voices,  by 
practically  all  serious  students  of  the  food  problems  confronting 
the  United  States  in  the  present  emergency.     Recognizing  that  these 
nutrients  are  exceptionally  valuable,  these  authorities  concur  that 
an  increased  proportion  should  be  promoted  to  a  food  status. 

In  a  discussion  of  the  protein  situation,  the  ilational  Research 
Council  gives  first  place  to  increasing  the  proportion  of  skim  milk 


-18- 


to  be  used  as  a  food  rather  than  as  a  feed.   (14)    Nearly  a  third 
of  the  national  protein  intake  in  1942,  it  v/as  estimated  on  the 
basis  of  the  1942  production  goals,  would  originate  in  milk  in 
fluid  form  and  in  various  manufactured  dairy  products,  but  because 
a  large  share  of  the  milk  proteins  v/as  fed  to  animals,  the  report  . 
urged  a  substantial  increase  in  the  proportion  used  for  human  food. 

Greater  use  of  milk  solids  other  than  fat  in  human  nutrition  like- 
wise is  strongly  Lirged  by  the  Sub-Cominittee  on  United  States  Food 
Allocation  Policy  which  was  appointed  by  Secretary  Vfickard,  (6) 
This  Sub-Committee  emphasized  the  importance  attached  by  nutrition- 
ists to  the  solids -not-fat  in  milk.     It  pointed  out  that  there  was 
an  average  loss  of  about  00  percent  in  feeding  skim  milk  to  animals 
which,  in  turn,  v/ould  provide  food,  and  it  recor.mended  that  an 
increased  amount  of  skim  milk  be  powdered  for  human  food. 

Among  others,  T.  "'f.  Schultz  points  out  that  cows  are  highly  efficient 
converters  of  feed  into  human  food  if  all  milk  products  are  utilized, 
but  much  less  efficient  if  only  the  butterfat  is  used  for  food. 
Accordingly,  he  urges  increases  in  the  proportion  of  milk  used  in 
the  form,  of  fluid  milk  anc'   in  dried  milk,  including  nonfat  dry  milk 
solids.   (17)    A,  r,  Lauterbach  suggests  that  in  a  time  of  world  food 
shortage,  such  as  r±ovr  confronts  us,  very  little  skim  milk  should 
be  fed  to  animals,  (11)    Hoard's  Dairynan  observes'  that  it  is  un- 
fortunate to  talk  of  restricting  consuiaption  of  milk  products  in 
this  country  vrhile  so  large  a.  proportion  of  the  solids-not-fat  'is 
being  fed  to  anlnals .  (7) 

Protein  !':ay  Be  in  Scant  Supply 


One  of  the  principal  reasons  why  an  increase  in  the  production  of 
nonfat  dry  milk  solids  is  favored  so  strongly  is  the  possibility  of 
scanty  supplies  of  protein  in  the  early  post-war  period.     Such  e. 
possibility  v/as  eni'isaged  by  the  national  Research  Council  in  1942 
as  a  result  of  a  survey  of  the  probable  supplies  of  protein.     Its  . 
report  concluded  that: 

■  "Vihile  a  protein  shortage  certainly  is  not  imminent  (in 
1942),  this  fact  certainly  does  not  exclude  the  possi- 
bility that  it  iiiay  occur  at  the  expiration  of  the  war... 
The  demand  for  high-protein  foods,  of  the  sort  to  which 
we  and  the  British  are  accustomed,  may  exceed  the  pro- 
duction fs-cilities  of  the  tv/o  countries,  particularly 
during  the  critical  period  of  economic  readjustment  imme- 
diately folloY;ing  the  cessation  of  hostilities...."  (14) 

The  supply  of  animal  proteins  was  increased  materially  in  1943 
over  the  indications  available  to  the  National  Research  Council  in 
1942,  but  this  supply  is  likely  to  be  reduced  materially  after  the 
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rac.rketing  of  the  very  larp;e  1943  pi;:;  cro-p  has  been  completed.  4/ 
Insufficient  feed  is  in  prospect  to  maintain  the  1945  rate  of 
animal  production.     Partially  in  reco£;niti on  of  this  fact,  the 
support  price  for  ho^^s  vi:.\s  lotrered  frora  -.Iv.'.TS  to   -.vl2.50  per  100 
pounds,  effective  October  1,  '1944.    Material  reductions  in  hogs  and 
chickens  may  be  expected  and  even  v/ith  continued  good  crops,  the 
supply  of  aniraal  proteins  presently  may  be  much  the  same  as  that 
contemplated  by  the  Council  in  1942. 

In  view  of  this  prospective  reduction  in  the  supplv  of  animal  pro- 
teins, the  necessity  of  placing  greater  reliance  upon  vegetable 
proteins  in  the  future  is  being  pointed  out  in  numerous  article-s 
emanating' from  various  sources.     Generally  speaking,  vegetable 
proteins' are  less  valuable  than  animal  proteins,  although  it  appears 
that  mthin  limits,  a  combination  of  vegetable  proteins  v/ith  at 
least  some  anioial  proteins,  is  practically  as  efficient  as  the 
animal  protein.     Nonfat  dry  m-ilk  solids  is  especially  valuable  in 
supplementing  vegetable  proteins. 

.  Possibility  of  Short  Crop  Emphasizes  Need  for  Increase 


Even  with  continued  good  croy^s,   it  is  evident  that  there  is  real 
need  for  an  increased  supply  of  nonfat  dry  milk  solids.     In  the 
event  of  short  crops  in  1944  or  1945,  the  need  vrould  be  intensified, 
since  the  supDly  of  all  nutrients  vrould  be  reduced  shart^ly  and  it 
would  be  imperative  to  conserve  as  much  oi  it  as  possible. 

There  is  no  assurance  that  our  succession  of  unusually  .'^'ood  cro-os 

t-        O  J. 

in  the  United  States  will  be  continued;  in  fact,  the  probability 
is  otherwise.    '■:'e  ho.vc  been  favored  with  seven  good  yc^ars  and 
outturn  was  notably  high  in  1942  and  was  nearly  equaled  in  1945. 
It  is  hoped  that  crops  will  be  good  this  year  and  the  next,  but  so 
long  a  succession  of  consecutive  favorable  years  is  unlikely,  and 
the  deficiency  of  moisture  in  important  areas  of  crop  production 
is  a  disturbing  factor.     Prudence  suggests  the  advisability  of 
taking  such  a  possibility  into  account. 

In  view  of  these  cir cumstsmces ,  there  is  all  the  more  reason  for 
adopting  measures  to  increase  the  production  of  nonfat  dry  milk 
solids.     The  increase  suggested  will  be  Yforthvxhile  even  if  good 
crops  are  continued;  it  may  be  very  valusible  if  cro"ps  are  short  in 
1944  or  1945. 


'^^"'^Daily  civilian  cons \,i].Tipt ion  per  capita  of  animal  proteins  in  the 
United  States  ivas  very  slightly  higher  in  1943  than  in  1942 » 
See  The  National  Food  Situation  (Bureau  of  Agricultural  kconomics 
United  States  b e p a r t me nt~*of  Agriculture,  iyovem.ber  1943),  cover 
par-e 

r  o 
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INCREASE  MUST  COI.ffi  MAIITLY  FRai  SXB.  IULK  Fa'-;  FED 


Approximately  four  billion  pounds  more  of  s^d-m  milk  then  wore 
dried  in  1943  will  be  required  if  the  annuel  production  of  nonfat 
dry  milk  solids  is  pushed  up  to  850,000,000  pounds  per  year.  A 
minor  part  of  the  increase  over  the  1943  output  may  be  dravm  from 
milk  used  in  1943  in  the  production  of  12  percent  dried  milk  and 
kindred  dried  milk  compounds  and  perhaps  a  little  may  be  diverted 
from  milk  which  v/ent  into  condensed  skim  milk.    !lost  of  the  proposed 
increase,  however,  mil  have  to  be  drav/n  from  the  skim  milk  nov.r  fed 
to  animals  on  farms. 

Little,  if  any,  of  this  increase  can  be-  obtained  advantageously 
from  the  milk  now  goinr  into  fluid  milk,  evaporated  and  condensed 
milk,  cheese  and  ice  cream.    Although  the  consumption  of  fluid  milk 
has  increased  materially  (see  p.  13),'  it  should  be  borne  in  mind 
that  even  at  the  current  rate  the  consumption  of  fluid  milk  is  below 
the  level  recoriimended  by  leading  nutritional  authorities.    As  an 
emergency  measure,  minor  reductions  in  consumption  in  the  larger 
centers  are  being  occasioned  by  Food  Distribution  Order  IIo.  79,  which 
is  being  extended  to  smaller  cities,  but  a  general  attempt'  by  gov- 
ernmental agencies  to  effect  larger  reductions  would  result,  not 
only  in  nutritional  disadvantages,  but  also  in  administrative  diffi- 
culties.    It  is  better  to  attract  more  of  the  skim  milk  now  being 
fed  on  farms.- 

}lo  reduction  in  the  milk  going  into  the  production  of  evaporated 
milk  and  into  cheese  is  desired.     Both  are  in  demand  for  our  rrmed 
forces,  Lend-Lease,  and  domestic  consiamption.     iJor  is  a  reduction 
in  the  amount  of  skim  milk  going  into  cottage,  pot  and  bakers' 
cheese  wanted,  beyond  the  provisions  of  Food  Distribution  Order 
Ho,  79  and  its  extensions,  since  they  are  needed  to  replace  other 
tj'pes  of  cheese  which  are  less  perishable. 

Restrict iojis  already  have  been  placed  on  creojn  sales,  both  v:ith 
respect  to  fat  content  and  to  quajitities  v/hich  may  be  sold,  and 
sharp  reductions  have  bet-n  made  in  the  milk  content  of  ice  cream. 

Increase  y.'illlRe quire  Only  l;inor  Portion 
of  Skim  Milk  ¥.ow  Fed 


More  than  six    times  the  increased  amount  desired  was  fed  on  farms 
in  1943.    Approximately  30  billion  pounds  of  skim  milk  was  fed  on 
farms  in  1942   (4),  but  the  amo-ant  was  smaller  in  1943,  both  because 
of  a  reduction  in  the  cimour.t  of  milk  produced  and  of  a  further 
shift  to  whole  milk  delivery  in  numerous  communities.     Perhaps  27 
billion  pounds  were  fed  in  194-3. 

This  feeding  of  skim,  milk  on  farms  v/as  concentrated  to  a  large 
degree  in  the  west  I;orth  Central  States  <.     On  the  basis  of-  the  1942 
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figures,  nocirly  65  percent  v/r.s  fed  in  ten  States,   includir:;p; :  5/ 


Cumulative 


Minnesota 
lov/a 

Kcbraska 
Kansas 

North  Dakota 

Missouri 

South  Dakota 

Oklahoma 

Michigan 

Illinois 


5,492  million  poundf 
4,522 
1,909 
1,768 
1,712 
1,422 
1,311 
1,311 
1,122 
1,069 


10,014  million  pounds 
11,923 
13,691 
15,403 
16,825 
13,136 
19,447 
20,569 
21,638 


The  fact  that  these  States  lead  in  the  rmounts  of  skim  milk  fed  on 
farms  does  not  necessarily  mean  that  they  also  lead  in  milk  produc- 
tion.    Minnesot.a  produced  much  less  than  Vfis consin,  but  so  large  a 
proportion  of  the  ITisconsin  m.ilk  v/as  delivered  as  Yfhole  milk  to  milk 
plants  and  cheese  factories  that  camparatively  little  vras  separated 
on  farms,     Likev^'-ise,  such  States  as  Mew  York,   California,  Pennsyl- 
vania and  Ohio  produced  much  more  milk  than  did  some  of  the  States 
listed  above,  but  most  of  it  v/as  delivered  as  whole  milk  and  little 
skim  milk  was  retained  for  farm  feeding.     In  some  States,  as  Iowa 
and  the  Dakotas,  nearly  all  tht;  milk  is  separated  on  farms  and  the 
skim  milk  is  fed. 


Some  Factors  Affecting  Procurement  of  Skim  IJilk 

On  the  basis  of  the  above  data  only,  the  ^)roblem.  of  obtainin--;  the 
skim  milk  for  drying  would  seem  co/iparatively  simple.     A  number  of 
other  factors,  however,  must  be  taken  into  consideration,  including 
the  dt^nsity  of  milk  production  in  the  areas  where  drying  facilities 
a.re  available  or  can  be  provided  and  the  value  of  skim  milk  for  feed- 
ing.   V-Tien  all  conditions  are  v/eighed,  it  may  be  found  th£'.t  so:'ie  of 
the  States  which  shov/  comparatively  little  skim  milk  fed  because 
most  of  the  liiilk  already  is  delivered  as  v/hole  milk,  may  orovide 
more  additional  skim  milk  for  drying  than  certain  of  those  in  which 
the  amounts  fed  are  comparatively  larre. 

J.  t-  o 

With  respect  to  the  density  of  production,   it  is  generally  known 
that  there  are  wide  variations,  not  only  from  State  to  State,  but 
also  among  localities  v/ithin  States.     For  the  present  purpose  it 
may  be  profitable  to  consider  both  the  total  milk  production  and  the 
quantity  of  skim  milk  fed,  which  may  be  inferred  from  the  sales  of 
butterfat.     Such  differences  are  broupht  out  by  a  comnarison  of 

57^om.puted  on  the  basis  of  87~percent  of  the  milk  represented  in 
each  state  by  cream  sales  and  farm  churnings  of  butter.  Data 
taken  from  Farm  Production,  Disposition,  and  Income  from  k'ilk, 
1941-1942  -  U,  S .  Depaj.'H^Ki.ont"  oT  AgrTcultui^,  Bureau  of  Agricul- 
tural Econom.ics,  April  15,  1942 
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county  datr>  for  seven  States  of  the  iiid-".rcst  Rc^jion,  shovfing  for 
1939  the  gallons  of  milk  produced  "per  squc.rc  raile  end  the  mAnbcr 
of  pounds  of  buttcrfc.t  sold  from  herds  of  four  or  more  cows.  These 
date  are  presented  in  graphic  forn  in  figures  1  to  4.  6/ 


6/  The  charts  for  the  five  G-reat  LaVxs  States  irorc  prepared  because 
at  that  time  they  constituted  the  Great  Lakes  Region  of  the 
Food  Distribution  AdiTLinisti-atio?::.    "..lien  the  Lidwest  Re^:ion  iva.s 
formed,  the  charts  for  Linnesota  and  lov^v.  were  added » 


MILK   PRODUCED  PER  SQUARE  MILE, BY  COUNTIES, 
IN  THE  GREAT  LAKES  REGION 

IN  1939 

( IN  THOUSANDS  OF  GALLONS) 


WAR 

FOOD  ADMINISTRATION 

FOOD  DISTRIBUTION  ADMINISTRATIOr 
GREAT  LAKES  REGION 


I       •  1    .       I*  'u-*  \  . 

<-  '  -l-*^ 

I,   •(  '  •   •  ;  

«|M.  .1  _•!..!• 


R  I  C  ULTURE  ,1940 


24 

GALLONS  OF  MILK  PRODUCED  PER  SQUARE  MILE  IN  1939. BY  COUNTIES. 
IN  MINNESOTA  AND  lOWA.TOTAL  FOR  ALL  COWS  MILKED. 


{\  


WAR 

FOOD  ADMINISTRATION 

FOOD  DISTRIBUTION  ADMINISTRATION 
GREAT  LAKES  REGION 


•    s     1,000  GALLONS 
KEY:       °    °      900  -  999  OALLONS 

•¥    c     LESS  THAN  500  GALLONS 


soume: 


AGRICULTURE  CENSUS, 1940. 


BUTTERFAT  SALES  PER  SQUARE  MILE  IN  1939  FROM  HERDS  OF  4 
OR  MORE  COWS,  BY  COUNTIES.  IN  THE  GREAT  LAKES  REGION 


WAR 

FOOD  ADMINISTRATION 

FOOD  DISTRlSUTiON  ADMINISTRATION 
GREAT  LAKES  REGION 


»  ^         SOURCE:  C 


100  BOUNDS 

50-99  POUNDS 

LESS  THAN  SO  POUNDS 


:   CENSUS  OF  AGRICULTURE  ,  1940. 


oiiTTcocAT  <iALPS  PER  SQUARE  MILE  IN  1939  FROM  HERDS  OF 
^  VoReThAN  3  C^^^^^  MINNESOTA  AND  »OWA. 


r"'- 


.  •  •  • 


u  •  •^  !i  1  L  _  •' 

'    -  'rr-  • .  •  •  ;i 

V  •  i».V  S.'.'J-—- 

»  rr.  •  • » ^ 


1  ..•..•••s'.v.i..;.! /.  !     •  V 


r 


4 

J 


WAR 

FOOD  ADMINISTRATION 

FOOD  DISTRIBUTION  ADMINISTRATION 
GREAT  LAKES  REGION 


•  :  100  POUNDS 
KEY:     O    :        50  POOMOS 

+    =     LESS  THAN  60  POUNDS 


SOURCE 


AGRICULTURE  CENSUS,  1940. 
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Examination  of  these  charts  reveals  that  within  the  States,  the 
areas  of  heaviest  milk  production  do  not  always  coincide  Yfith  the 
areas  of  heaviest  farm  feedinsr.     It  niav  bo  assmed  that  the  feed- 
ing  of  sldLm  nilk  is  reflected  by  the  sales  of  butterfat,  since 
there  are  very  few  whole  milk  creameries.     Thus,  in  v^isconsin,  the 
greatest  railk  production  is  foujid  along  the  shore  of  Lake  I.iicl-iigan 
and  in  a  fevi  nearby  coun-cies  as  far  north  as  Door  Countv,  but  the 
heaviest  sales  of  butterfat  occur  along  the  western  border.  In 
Illinois,  the  heaviest  nilk  production  is  found  in  the  northern 
tier  of  co^Jiities,  but  comparatively  little  butterfat  is  sold  froin 
those  coujities.     In  Ilinnesota  and  Iov/Ti  there  is  a  much  closer  rela- 
tion betT^''een  nilk  production  and  sales  of  butterfat  from  herds  of 
four  or  more  cows.     It  is  recognized  that  conditions  have  changed 
materially  since  1939,  but  county  data  were  not  conveniently  avail- 
able for  more  recent  years,  and  these  figures  afford  some  basis  for 
conparis  ons . 

Further  examination  of  the  cliarts  showing  butterfat  sales  discloses 
that  there  are  numerous  loc-'.litios  in  these  seven  States  where  such 
sales  were  comparatively  large  in  1939  and  others  in  vfhich  sales 
were  small.     Such  sales,   indicating  largo  amounts  of  skim  milk  used 
for  feeding,  were  heavy  in  western  and  central  Ti'isconsin,  in  the 
southeastern  quarter  of  Ilinnesota,  and  in  the  northeastern  quarter 
of  1 017a .    Substantial  sales  were  sho"v/n  also  in  other  portions  of 
Iowa  and  Ilinnesota,  in  central  V ichigan,  anc  northeastern  Indiana. 
Other  variations  are  apparent  from  locality  to  locality  in  these 
States,  A  preliminary  survey  of  comparable  data  for  other  States 
revealed  that  similar  variations  in  butterfat  sales  occur  in  them 
as  well.     Even  though  there  has  been  a  sis^nif icant  sviiDr  awav  from 
farm  separation  to  whole  milk  delivery  in  many  localities  since 
1939,  it  is  probable  that  these  variations  persist  to  a  considera- 
ble extent. 

Only  the  herds  of  four  or  more  co'.'s  v/ere  considered  in  computing 
the  sales  of  butterfat  "o-^r  counties  for  the  nujr'nose  of  indicating 
the  supplies  of  skim  m.ilk  which  might  be  draY'.Ti  upon  for  the  produc- 
tion of  nonfat  drv  m.ilk  solids,  because  it  seemed  less  likely  that 
the  farmers  having  the  smaller  herds  would  be  interested  in  shift- 
ing to  whole  milk  delivery,     ilost  farmers  rmo  milk  only  one  or  ta'o 
co\fs  do  so  to  provide  m.ilk  and  cream  for  their  ov;n  use  rather  than 
to  obtain  income  from  the  milk,  and  even  a  farmer  who  mil'^'is  three 
covTS  at  least  part  of  the  tim.e  m.ay  be  presumed,  on  the  whole,  to 
be  little  interested  in  selling  whole  milk  rather  thr.n  skimjning  or 
separating  it  on  the  farm.     The  exclusion  of  the  herds  of  three 
cows  or  fewer  is  arbitrarv,  but  it  is  believed  to  be  in  accordance 
vfith  conditi  ons . 

Further  information  concerning  the  variations  v.dthin  the  seven 
States  is  nresented  by  the  variations  in  the  average  num.ber  of 
cows  m.ilked  oer  farm  in  each  countv.     The  county  ranges  for  the 
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individur.1  States  are: 

Sto.te  .  Average  Nunibor  of  Covrs  Milked 
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Similar  \'r.rir.tions  Foionn^  co^anties  in  the  c.ve-rr.ro  number  of  co'vs 
milked  ner  farm  are  shoTrn  b"-"  other  States,     Those  fi'^ures  differ 
from  the  data  of  milk  production  per  square  m.ilc  in  beinr  influenced 
by  the  avera^x  size  of  farms  as  v:ell  as  bv  the  -or eduction  ner  covr. 
They  also  throvf  some  ligh-o  upon  the  dairy  conditions  in  certain  of 
the  States  from  T=hich  the  additional  skim  milk  for  drying  must  be 
draim  if  a  substantial  increase  in  the  production  of  nonfat  dry 
milk  solids  is  to  be  obtained. 

Obviously^  if  other  conditions  are  equal,  it  v-ould  be  desirable 
to  draY.r  the  supplies  of  milk  for  drying;  fro:i  communities  ■^Tith 
maximuir.  density  of  production  in  order  to  keep  do\m  the  costs  of 
assembling.     It  Tfould  be  helpful  to  have  the  requisite  quantity 
produced  comparatively  close  to  the  drying  plant,  thus  minimizing 
the  expenditure  of  gasoline  and  rubber,  and  also  to  load  com.para- 
tively  large  quantities  at  each  f:;rm,  in  order  to  reduce  the  number 
of  sto'^s.     Other  fr, ccors,  hov^^'ever,  must  be  taken  into  considera- 
tion,  such  as  the  condition  of  the  roads,   the  distance  which  a 
farmstea^d  is  set  back  from  the  road,  and  in  som.e  are?s,  7mether  or 
not  a  road  serving  one  or  more  farms  may  be  temporarily  im-passable 
because  of  snow  or  mud. 


Feedinrc  Demand  for  Skim  Milk  is  Variable 


The  value  attached  to  supplies  of  skiiii  milk  as  a  feed,  particularly 
to  young  calves,  pigs  and  chickens,  vr.riwS  from  farmer  to  farm^-or, 
but  in  general  the  value  is  much  higher  if  a  farn^.r  has  a  large 
number  of  young  animals  and  li:nited  suppli:.s  of  skim  milk  for  feed- 
ing than  if  the  reverse  were  true.     Likev/isc,  the  value  of  skim 
milk  as  a  supplem.ent  is  lilaoly  to  be  high  if  the  fan"  provides 
ample  quantities  of  carbohydrates  but  comparatively  little  protein. 

In  part  for  this  reason,  it  has_  been  much  m.ore  difficult  to  obtain 
v-i-hole  m.ilk  deliveries  in  the   corn-hog  sections  than  in  the  areas 
of' intensive  dairying.     For  example,  C>iuintus  and  Stitts,  in  com- 
menting on  the  fluid  milk  situation  in  Ioy,^:'.  about  1935,  observed 
that : 

"The  expansion  (of  membership  in  fluid  milk  organizations) 
tends  to  stop  sooner  than  one  m.ight  at  first  expect  in 
view  of  the  heavy  milk  production  in  the  State.   . ,  .Ftost 
loY/a  farmers  are  not  typically  dair^Taeii  and  they  are  not 
interested  in  supplying  frtsh  v.rhole  milk  daily  a.s  a  side- 
line enterprise,  even  at  some  pr  emiLmi .  o .  ,  "  (IS) 

The  rule  of  thumb  value  of  skim  mdlk  is  that  v.hen  protein  supple- 
ments have  to  be  purchased,  the  skim,  m.ilk  is  vrorth  half  a  bushel 
of  corn.     If  no  high  protein  feeds  happen  to  be  available,  the 
value  of  the  skim  milk  is  appreciably  higher.     Of  course,  in  esti- 
mr.ting  the  vc.lue  of  skim  milk  in  such  cir cijmstances ,  the  appro- 
priate    \^alue  for  a  bushel  of  corn  is  not  the  ceiling  price  but 
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the  rctiorn  v/ciich  tho  fr.mcr  cc-.n  obtain  by  foeding  it.     On  such 
n.  br.sis,  the  v-r.lue  of  slcim  nilk  to  nc.ny  f corners  in  1943,  v/ith 
high  prices  for  hogs,   chickens,  end  c;ggs,  iv.c.y  well  have  been  nore 
than  75  cents  per  100  pounds  on  the  f arns ,     Such  a  level  was  higher 
than  the  returns  to  be  obtained  frotu  roller  process  dried  skin  milk 
in  most  plants  in  that  year. 


In  contrast  to  the  situation  in  the  corn-hog  areas,   it  is  apparent 
that  many  farmers  in  areas  of  intensive  dairying  place  comparatively 
lovT  values  upon  their  skin  milk  and  are  ifd.lling  to  part  vrith  it  at 
low  prices.     In  a  number  of  instances,  it  may  be  concluded  that 
farmers  have  been  willing  to  Dart  with  their  skim  milk  for  materially 
less  than  its  value  to  them  as  a  feed. 


Even  in  m.any  localities  in  Y/hich  the  dcliver'\'  of  ■7hole  inilk  is  the 
conmon  practice,  small  nujnbers  of  fanaers  prefer  to  separate  their 
mJ-lk  and  retain  the  skim  mil)^  for  feed.     In  some  instances,  breeders 
of  pure  bred  stock,v;ho  com^nand  high  prices  for  their  animals,  find 
it  profitable  to  feed  their  skim  milk;  some  hog  growers  msh  to 
push  their  pigs  along  rapidly  in  order  to  catch  a  more  profitable 
market;  and  some  farmers  have  been  accustomed  to  the  use  of  skim 
milk  in  feeding  and  are  unwilling  to  change  their  ways. 

In  one  Vfisconsin  community,  about  50  of  600  patrons  of  a  creamery 
still  sold  butterfat  even  after  the  others  had  shifted  to  whole 
m.ilk  delivery.  Then,  too,  some  farmers  separate  part  of  their  milk 
to  provide  some  skim  milk  for  feeding,  but  deliver  most  of  the 
milk  as  whole  milk.     It  is  not  uncommon  in  some  localities  for  some 
farmers  to  separate  their  milk  for  a  time  after  their  pigs  have 
been  weaned. 


Additional  Facilities  mil  3e  Heeded 


Only  a  small  part  of  the  estimated  four  billion  pounds  of  skim  milk 
to  be  diverted  from  farm  feeding  to  the  production  of  nonfat  dry 
milk  solids  for  human  food  is  produced  in  localities  Y/here  drying 
facilities  are  at  hand.     It  is  true  that  some  farmers  in  communi- 
ties where  their  neighbors  alreadx^  are  deliverinp;  whole  milk  may 
also  shift  to  x^hole  milk  delivery,  but  m.ost  of  this  additional 
skim  milk  will  have  to  cone  from,  localities  where  farm  separation- 
is  the  rule.    As  a  consequence,  it  will  be  necessary  to  provide 
drying  facilities  such  as  plant  equipment,  trucks,  cans  and  farm 
cooling  equipment  for  a  large  number  of  localities  in  order  to  attain 
the  goal  proposed. 

If  there  were  n^jmcrous  whole  milk  creameries,  receiving  whole  milk 
from  their  patrons  and  returning  the  skim  millc,  from  v/hi  ch  skim 
m.ilk  could  be  obtained  for  drying,  the  problem  would  be  simpler, 
since  in  that  case  the  separatin.e:  eaui-oment  at  the  creamerv,  the 
trucks,  the  cans  and  the  farm  cooling  equipment  already  would  be 
at  hand.     Indications  are,  however,  that  onl^'  a  very  limited  mount 
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of  nonfc'.t  dry  milk  solids  can  be  obtc.in-'jd  froia  such  v/holo  milk 
crerineriGS,     Thorc  are  vory  fo\.r  of  thor.i  and  sorao  of  then  may 
prefer  not  to  enn;agc  in  drying  op^.rations.     iiost  of  the  skim  milk 
for  drying  v/ill  have  to  bo  drav/n  from  localiti es,  in  which  bu.tter- 
fat  is  dclivGred  to  the  creamer ius ,     In  some  instances,  the  butter- 
fat  may  be  collected  tY'o  or  throe  times  a  u^eek  by  cream  trucks  ^  in 
others,   it  is  taken  to  the  creamery  by  the  farmers  themselves  vdien 
somx-ono  in  the  family  chances  to  be  going  to  toYm,     In  the  latter 
type  of  community,  all  necessary  facilities  v/ill  l-iaTo  t-.  bo  pro- 
vided if  skim  milk  is  to  be  obtained  for  povrdering. 

Some  assistance  m.ay  be  nocessrry  in  obtaining  the  rcq\^.isite  number 
of  cans,  but  it  appears  that  the  situation  in  both  tin  and  steel 
is  less  serious  than  it  vro.s.     It  is  believ'^'d  that  cans  may  be 
provided  vdthout  serious  difficulty. 

With  respect  to  trucks,  tlie  observaticni  nay  be  pertinent  that  the 
v/hole  trucking  situation  is  very  tight  and  it  is  ciuite  possible  that 
in  some  localities  ■  it  mo>.y  bo  practi crall^''  impossible  to  obtain  an 
adequate  supply  for  increased  hauling  of  skim  milk,  as  Yiell  as  for 
other  purposes,  until  the  end  of  hostilities  in  Europe.     Some  time 
must  elapse,  hov:ever,  before  othor  facilities  can  be  provided,  and 
if  trucks  should  constitute  a  bottleneck,  it  might  be  desirable 
to  request  that  somx  be  released  from  military  supplies  for  the  pur- 
pose of  increasing  the  output  of  nonfat  dry  milk  solids. 

liillv  drying  equipm.ent  v^lll  ho.ve  to  be  provided  for  a  considerable 
number  of  localities.     In  soiao  places  it  may  be  possible  to  take 
over  spray  process  plants  erected  for  egg  drying,  since  that  pro- 
gram now  promises  to  be  less  active.  Such  plants,  hov'ever,  Yfill 
require  the  addition  of  milk  receiving  and  handling  equipment,  and 
unless  the  buildings  vrerc  designed  for  such  equipment,  the  conver- 
sion to  milk  drying  may  entail  considerable  expense,  even  though 
part  of  the  facilities  are  at  hand.     In  other  places,  it  will  be 
necessary  to  begin  at  the  bottofd..,  particularly  if  the  boiler  capa- 
city of  the  creamery  is  inadequate  for  drying  purposes. 

Farm  cooling  equipm.ent  Yfill  havt^  to  be  provided  for  practically 
all  the  fa.rms  involved  which  formerly  separated  the  cream  on  the 
farms.     Even  on  the  farms  where  cooling  equipment  was  used  for 
cream,  it  is  unlikely  that  the  cooling  space  will  be  adequate , since 
the  shipment  of  milk  requires  about  four  times  as  much. space  as 
cream.     On  other  farm.s  where  the  creo.m  commonly  is  placed  in 
cellars,  or  caves,   it  vrill  be  necessary  to  provide  nev/  cooling 
fo-cilities  for  all  the  m.ilk  shipped.     Fortunately,  a  cooling  to.nk 
inserted  between  the  pujnp  and  the  suoply  tank  or  stock  tank  is  not 
very  expensive  and  affords  satisfactory  results  in  nearly  all 
instances . 
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Additionc.1  Inducements  ■Till  Be  Required  To 
Attract  Requisite  Quantity 


There  is  reason  to  believe  that  most  of  the  coinmunities  in  which 
fanners  place  relatively  lovr  values  upon  skim  milk  for  feeding 
already  have  shifted  from  farm  separation  to  whole  milk  delivery 
and  that  greater  inducements  than  were  offered  a  year  ago  will  be 
necessary  to  obtain  approximately  four  billion  pounds  of  skim  milk 
for  drying.     Certain  of  these  are  now  in  operation.     The  dairy 
feed  subsidy,  which  has  provided  varying  differentials  for  whole 
milk  over  the  sale  of  butter fat,  tips  the  balance  strongly  tavard 
the  delivery  of  v/hole  milk  and  the  recent  advance  of  1  l/2  cents  per 
poimd  for  roller  process  n^^nfat  dry  milk  solids  will  enable  the  roller 
plants  to  compete  much  more  strongly  with  the  feeding  demand  for  skim 
milk.     It  appears  also  that  the  demand  from  pigs  and  chickens  for  skim 
milk  may  be  less  keen  in  1944  than  it  was  in  1943,  because  of  the 
prospect  fcr  lov;er  supp'^rt  prices  for  hogs,  beginning  October  1,  1944, 
and  the  drop  in  egg  prices  in  January,   1944.     It  is  possible  that 
the  Drice  level  of  nonfat  drv  milk  solids,  includino;  the  effects  of 
the  dairy  feed  subsidy,  may  attract  enough  skim  milk,  provided  that 
other  prices  do  not  get  out  of  lino. 

The  iTiaiti -.additional  inducement  required  is  assurance  of  a  continued 
market  for  the  product.     Many  creameries  are  apprehensive  lest  the 
dem-and  for  nonfat  dry  milk  solids  may  drop  off  sharply  after  the 
end  of  the  rehabilitation  period,  thus  forcing  them  to  discontinue 
drying  operations  and  to  refuse  to  accept  whole  milk  from  their 
patrons.     The  same  apprehension  causes  many  farmers  to  hesitate  con- 
cerning shifting  from  farm  separation  to  whole  milk  delivery  and 
undertaking  to  make  the  necessary  changes  in  his  farm  operations. 
Very  likely  they  assume  that  those  who  are  among  the  last  to  engage 
in  drying  operations  may  be  among  the  first  to  be  crowded  out  if 
demand  slackens. 

It  should  be  borne  in  mind  that  in  the  ordinary  course  of  events, 
considerable  time  must  elapse  before  arrangements  for  milk  poivdering 
can  be  made  and  operations  can  begin.    Even  in  the  case  of  an 
individual  creamery,   if  the  question  has  not  been  considered  pre- 
viously,  it  is  necessary  to  ascertain  the  proportion  of  the  patrons 
v/illing  to  shift  from  cream  sal^. s  to  whole  m.ilk  delivery  before  a 
decision  t-:'  engage  in  drying  can  be  reached.     Then  the  necessary 
drying  equipment  cjid  other  facilities  must  be  obtained  in  the  face 
of  the  need  for  priorities,  delays  in  manufacture,  and  other  diffi- 
culties.    Few  creameries  whose  plans  for  drying  are  not  already 
under  way  can  hope  to  begin  operatir^ns  before  the  latter  part  of 
1944  at  the  earliest,  and  many  may  not  be  able  to  do  so  until  some 
time  in  1945,     Then  several  years  of  profitable  operations  coinraonly 
are  required  to  equal  the  cost  of  the  facilities  before  the  under- 
taking can  show  a  net  profit.     Likemse,  iTio.ny  of  the  patmns  who 
shift  to  v/hcle  milk  delivery  are  likely  to  experience  feeding  diffi- 
culties until  they  have  become  adjusted  to  the  new  conditions  and 
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hr.ve  loarned  \^hv.t  elements  must  be  added  to  replace  the  skim  nilk. 
For  these  and  ^^thor  reasons  there  is  reluctance  in  many  quarters 
to  engage  in  drying  operatives  for  "olio.t  s erne  fear  may        a  compara- 
tively s h o r t  time. 

In  considering  the  matter  of  the  inducements  needed,  it  sh'^uld  be 
borne  in  mind  that  it  will  be  desirable  t^-  persuade  a  relatively 
large-  proportion  of  the  farmers  in  each  nev;  locality  ^vhere  drying 
operations  are  begun  to  shift  promptly  t;^  v/h:^le  milk  delivery.  This 
will  be  necessary  if  the  facilities  are  to  be  employed  t-^  advantage. 
Such  quick  shiftinr,  however,  is  unusual.     In  the  ordinary  course  of  ' 
events,  the  patrons  who  first  deliver  whole  milk  vrhen  a  creamery 
begins  to  manufacture  nonfat  dry  milk  solids  are  a  minority.  The 
proportion  increases  from  year  to  year  as  farmer  after  fanner  decides 
that  whole  milk  delivery  is  advantar-c-'-^us  for  him.    Additional  cffrrt 
v.mll  be  required  tr  speed  up  this  process. 

Use  of  Government  funds  as  grants  to  help  defray  the   c^st  of  erection 
of  farm  coaling  facilities  will  provide  a  considerable  incentive  in 
connection  vmth  publicity  concerning  the  need  f'"r  nr-nfat  dry  milk 
solids.    Announcement  that  grants  of  perhaps   „;30  per  farm  will  be 
made  for  this  purpose  f'-^r  a  limited  ti:ae  'nily  will  aid  in  obtaining 
prompt  action  on  the  part  of  a  number  of  farmers  who  othermse  would 
tend  to  delay  their  decisions  on  shifting  to  whole  r.iilk  delivery. 

It  is  contemplated  tho.t  GT^verruaent  funds  will  continue  t'    be  ez^loycd 
in  providing  drying  facilities  on  at  least  ..as  liberal  a  basis  as 
before,     Some  extension  of  this  practice  will  be  justified  if  it  aids 
in  holding  doYm  other  inducements  necessary  to  oorsuade  an  adequate 
numbtr  of  plants  t'^'  enter  the  field  -f  r.iilk  oowderinc.     It  should  be 
borne  in  mind  that  these  plants  which  begin  operations  late  will 
enjoy  a  comparatively  short  period  of  the  oiost  pr'-fitable  operations 
and  r.lso  thr.t  in  general,  they  will  have  to  draar  their  skim  milk 
from  oatrons  who  olace  a  comoarativelv  high  feeding  value  UTDon  it. 
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ANITQAL  OUTPUT  OF  850,000,000  POUITDS  IS  PRACTICABLE 

FroiTi  the  foregoing  materir.l  it  is  evident  that  more  n-rnfat  dry  inilk 
solids  is  urgently  needed  and  that  there  is  an  araple  reservoir  of 
skim  milk  no^v  fed  ^-^n  farms  fr'-^m  which  a  substantial  increase  can 
be  dravm.     But  how  about  the   cost?     In  terms  of  materials  and  man 
hours,  is  such  a  program  justified  under  present  conditions?    Or  is 
it  better  to  get  along  on  a  restricted  am^'unt  of  this  commodity  for 
a  few  years,   lest  the  combination  -f  v/artime  costs  and  the  difficul- 
ties of  a  postvrar  surplus  should  exceed  the  imriiediate  advantages? 
These  are  real  questions  ejid  require  definite  answers,  although  it 
is  obvious  that  the  answers  must  be  based  largely  upon  estimates  of 
conditions  which  are  likely  to  prevail  in  the  future. 

In  reply,   it  may  be  stated  that  the  necessary  facilities  can  be  pro- 
vided v;ithout  undue  difficulty.     The  best  evidence  available  indi- 
cates als;^  that  the  increased  output  can  be  absorbed  by  dnmestic 
consumption  at  a  comparatively  early  date  after  the  end  of  the  war, 
provided  that  assistance  can  be  afforded  during  the  period  of  tran- 
sition.    Thus,  the  overall  costs  of  the  increase  in  supply  may  be 
surprisingly  lovj"  in  comparison  with  those  of  most  commodities  pro- 
duced in  response  to  war  needs,  principally  because  in  n'l^nfat  dry 
milk  solids  it  is  possible  to  take  advantage  of  the  upwrrd  trend 
in  a  growing  industry. 

Increase  Y^'ill  Be  Acceleration  of  Trend 


Production  (and  consumption)  of  n -nf at  dry  milk  solids  had  been 
increasing  rapidly  before  the   outbreak  of  v/ar.     Total  production, 
including  that  for  feed  doubled  five  times  from  1916  to  1942,  as 
shown  by  the  data  on  page  7.     Official  data  of  producti-:^n  for  human 
food  were  not  compiled  until  1935,  but  production  nearly  doubled 
from  that  year  to  1940.     Then  it  increased  moderately  in  1941  under 
the  stimulus  of  Lend-Lease  purchases  and  jumped  in  1942  in  response 
t  o  wa r  d  ema  nd  s . 

Doubtless  the  explanation  of  this  rapid  grov/th  is  to  be  found  in 
the  low  price  at  which  this  co^nriodity  could  be  produced.    As  a  by- 
product of  butter  and  fluid  cream.,   its  cost  was  very,  lov/, since  the 
lien's  share  of  the   cost  ■■^f  prnduction  v/o.s  attributed  to  the  major 
commodity.     Even  in  1943  the  value  of  the  s^lids-nct-fat  in  100 
pounds  r^f  milk  v/as  considered  as  about  one-fourth  -"^f  the  total  value 
of  the  milk  for  the  manufacture  '^f  butter  (10);  in  the  production  of 
fluid  cream,  the  value  attributed  to  the  solids-nct-f at  may  have 
been  m.aterially  lower. 

Putting  it  Oincther  way,  the  nonfat  dry  milk  solids  has  competed  with 
feed  uses  of  skim  milk  for  its  raw  material,  v/ith  the  result  that 
this  coramodity  can  be  produced  at  prices  which  are  decidedly  low  in 
proportion  to  its  value.     When  allov/ance  is  ma.de  for  the  value  of 
the  butterfat,  the  milk  solids  other  than  fat  c^^ntained  in  nonfat 
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dry  milk  solids  are  nuch  belcv:  the  levels  of  the  conparable  nutrients 
contained  in  cheese  or  evaporated  or  condensed  milk.     Further,  the 
nonfat  dry  nilk  solids  is  more  corrpact  and  requires  less  care  in 
storage  tho.n  either  cheese  cr  evaporated  nilk.     In  view  of  these 
circumstances,   it  is  n'^t  surprising  that  new  uses  have  been  fomid 
for  this  commodity  and  that  its  pr-^duction  has  increased  rapidly. 

If  the  v/ar  had  not  intervened,  it  is  quite  possible  that  the  annual 
production  and  cnsumption  of  n^^nfat  dry  milk  solids  for  human  food 
would  have  reached  850,000,000  pounds  by  1950.    Admittedly,  this 
possibility  v/ould  have  been  governed  to  a  large  degree  by  the  in- 
genuity displayed  in  devising  the  packages  best  suited  to  the  uses 
of  diverse  types  of  consumers  and  by  the  xrl^^or  yrith  which  education 
in  the  value  of  this  cninm-^dity  Y/as  pressed,  but  there  is  no  reason- 
to  assume  that  either  of  these  elements  v^ould  have  been  ■  lacking ,  To 
bring  the  output  up  to  the  rate  of  850,000,000  pounds  per  year  early 
in  1946,  will  mean  merely  that  rate  of  increa.se  in  production  must 
be  stepped  up  in  response  to  i/ra-  needs. 

Domestic  Requirements  Can  Abs -^rb  Increased  Output 


There  is  good  reason  to  believe  that  dom.estic  consumption  is  capa- 
ble of  increasing  to  the  point  of  absorbing  the  suggested  goal  of 
850,000,000  pouJids  and  perhaps  much  more  in  good  time,  but  it  must 
be  borne  in  mind  that  ivhile  producti';n  has  expanded  rapidly  in 
response  to  war  demands,  domestic  civilian  cc^nsum.ption  has  been  re- 
stricted severely.     Thus,  it  has  been  impossible  for  consum.ption  in 
this  country  to  keep  pace  with  production.     Even  if  a  vigorous 
program,  is  adopted  to  increase  production  of  n/^nfat  dry  milk  solids, 
it  Yd.  11  be  some  time  before  the  more  pressing  needs  for  this  commo- 
dity can  be  met  and  many  v/ould-be  users  will  be  forced  to  turn  to 
substitutes.  Considerable  dislocation  of  production-consumption 
relati'-nships  is  unavoidable. 

In  view  of  this  dislocation,  it  is  only  fair  that  appropriate  measures 
be  adopted  to  aid  in  handling  part  of  the  output  in  the  event  that 
overseas  demand  for  nonfat  dry  milk  solids  falls  off  m  re  rapidly  after 
the  end  of  the  rehabilitation  period  in  Europe  than  domestic  con- 
sumption can  be  expected  to  increase.     It  is  possible  that  this  will 
not  be  the  case  but  the  chances  are  more  tlx.n  even  that  it  will  be, 
and  the  possibility  represents  a  risk  v/hich  is  viewed  vdth  anxiety 
by  nearly  all  producers  of  the  comiTi-^dity. 

Severo.l  items  of  information  suggest  that  Eur:"^pean  demand  may  fall 
off  ra  pidly  after  the  end  of  the  pc.riod  of  rehabilitation  thert;. 
First,  the  need  vdll  be  less  keen.    Underfed  people  will  require 
larger  proportions  of  highly  nutritious  foods,  such  as  nonfat  dry 
milk  solids,  to  restore  them  to  heo.lth  than:   will  be  required  to 
maintain  health.     Thus,  less  actually  may  be  needed  after  the  close 
of  rehabilitation  than  during  that  period. 
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Second,  it  is  L)elieved  thr.t  fcv/  countries  of  continental  Europe 
are-  likely  to  purchr.se  as  rnuch  nonfat  dry  r.iill:  solids  v/hen  they 
have  to  finance  their  ov>m  purchases  as  v.'ill  be  donated  tr  then  dur- 
ing the  rehabilitation  pericd.     Even  th'-ugh  the  pr-^duct  rnay  have 
been  received  gratefully  during  that  period,   it  is  likely  that  the 
governing  authorities  mil  tend  to  buy  it  spr.ringly,  even  though  it 
will  be  the  most  economical  source  of  many  nutrients,  particularly 
if  funds  are  limited  e.nd  industrial  products  are  desired.     In  this 
connection,  it  sh-uld  be  borne  in  mind  that  mr.ny  of  these  countries 
have  not  been  accustomed  to  the  extensive  use  of  milk  pr<^ducts  in 
their  diets. 

Third,  the  possibility  of  competition  should  not  be  overlooked,  Vfith 
respect  t?  the  United  Kingdom,  it  is  probable  that  the  demand  for 
nonfat  dry  milk  solids  will  be  maintained  at  a  higher  level  than  may 
be  the  case  mth  most  countries  of  continental  Europe,  but  there  is 
the  possibility  that  a  large  share  of  such  needs  may  be  supplied 
presently  by  one  or  more  of  the  Dominions.     Little  evidence  has  been 
found  of  a  milk  dr^^dng  industry  in  I'Tevr  Zealand,  but  interest  in  it 
has  been  expressed,  at  least  to  the  extent  that  representatives  of 
that  country  have  inspected  milk  drying  plants  here.  Conditions 
there  are  favorable  for  the  powdering  of  skim  milk,   since  a  large 
part  of  the  butter  is  produced  under  conditions  ^f  intensive  dairy- 
ing with  comparatively  little  feeding  outlet  for  the  skim  milk. 
Since  Hew  Zealand  frequently  has  exported  more  than  250,000,000 
pounds  of  butter  per  year,  it  might  easily  be  possible  to  export' 
well  in  excess  of  that  quantity  of  nonfat  dry  milk  solids  if  suffi- 
cient incentives  were  present. 

There  is  the  possibility,  hovrevcr,  that  even  if  Nev/  Zealand  should 
plan  to  Cvompete  -^/igorously  for  the  dried  skim  mill:  market  in  the 
United  Kingdom,  the  extensive  erection  of  plants  and  installation 
of  equipment  might  be  delayed  after  the  end  of  the  war,  if  it 
appeared  that  a  comparative  surplus  and  low  prices  were  likely  to 
prevail  for  a  fev/  years.     This  c:ncition  is  highly  conjectural, 
but  it  ma 27  be  v'orthy  of  mention. 

Fourth,   demo.nd  from  our  armed  forces  will  be  cut  dov/n  decidedly 
after  the  end  of  the  v/ar,  if  for  no  other  reason  than  that  the 
Army  v/ill  become  much  smaller  and  the  Navy  may  have  fewer  men  to 
feed.     Not  quite  12  percent  of  the  expected  supply  for  1943-44  was 
allotted  t?  the  armed  forces,  but  it  is  to  be  expected  that  their 
takin£;s  v/ill  be  reduced,  even  thoush  the  available  supplies  may  be 
much  larger  than  those  exnected  for  that  vear. 

The  above  considerations  suggest  that  foreign  demand  and  demand 
from  our  armed  forces  mo.y  fall  off  rapidly  after  the  end  of  the 
rehabilitatir^n  period,  with  the  result  that  domestic  demand  may  not 
be  equal  for  a  tim.e  to  the  njnoujit  whJ.ch  will  be  available.     It  is 
possible,  hoYfever,  th^r.t  the  reduction  in  foreign  demtind  for  nonfat 
dry  milk  solids  vrill  be  more  gradual  and  that  domestic  consum-ption 
will  have  more  tii'ie  in  v/hich  to  catch  up  v.dth  the  expanded  produc- 
tion.    In  thr^t  extent  there  vrlll  be  comparatively  little  need  for 
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Governinentc.l  assistance  during  the  transitional  period. 

At.  the  sane  tinie  that  foreign  demand  may  fall  off,  it  is  very 
likely  that  prrductian  Y/i  11  increase  slightly.     Labor  shortages  iTill 
be  relieved  and \ very  likely  the  demand  for  fluid  milk  will  lessen, 
'both  because  of  somei'j'hat  loYj-er  incomes  on  the  pvart  of  a  nuiaber  of 
consumers  and  because  automobiles,  radio's,  etc,,  vail  again  com.pete 
strcn^'ly '  f  or  the  consijmers  '  dollars.     It  is  su^rrestod  that  such  in- 
creases'  may  overbalance  the  normal  decreases  to  'be  expected  from 
scattered  plants,  and  that  annual  rroducticn  shortlv  after  the  end 
of  the  war  may  well  amount  of  900,000,000  pounds  per  year. 

It  is  hardly  to  be.  e.:cpected  thr.t  domestic  consumption  which  has  been 
severely  restricted  mil  be  able  to  increase  as  rapidly  as  Yrar  and 
rehabilitation . demands  may  fall  off.    A  start  in  that  direction  may 
be  made  if  production  is  increased  in  1944  and  1945,  but  until 
supplies  ■  for  ..domestic  .use  are  much  larger  than  they  are  at  present, 
there  mil  be  little  opportunity  to  develop  new  uses  for  nonfat  dry 
milk  solids  or  to  devise  new  merclx'.ndiising  methods  for  its  vader  dis- 
tribution o 

Wen  liberoj.'.  supplies  again  are  available,  there  will  be  a'  greo.t 
deal  of  T7ork  to  be  done  in  ■orcsentinf;  this  comnodity  to  consumers. 
The  situation  will  constitute  a  challenge  to  merchrLndising  ingenuity, 
it  is  true,  and  doubtless  a  great  deal  of  experimental  work  Yiill 
have  to  be  done,  but  there  is  no  reason  to  fear  ultimate  failure. 
New  uses  will  have  to  be  worked  out,  perhaps  mth  emphasis  on  the 
fieldc  .of -licarae  cooking,  but  also  with  respect  to  utilization  by 
institutions  of  all  kinds.     It  appears  tkr.t  considerable  attention 
should  be  given  to  the  use  of  nonfat  drv  milk  solids  as  an  ingredient 
in  a  nuiTiber  of  prepared  foods,  such  as  soups,  sausage,  cereals,  and 
other  foods*    IIo  doubt  appropriate  packages  will  have  to  be  devel- 
oped to  meet  the  requirements  of  vario'us  t^'pes  of  cohs^jmers,  includ- 
ing small  packages  for  city  housewives,   suitable  mer cliandising  methods 
will  have  tp;  be  devised,  and  effective  means -  of  education  in  the 
value  of  this  conmoditY- remain  to  be  evolved   "in  order  to  brin-:'  it 
to  the  attention  of  the  docdIc  "irho  can  use  it  advantageous Iv,  As 
in  other  large  undertakinos ,   such  efforts  get  under  wav  slowly,  but 
gather  momentum  as  they  go  along. 

In  the  cir cumstoonces ,  there  are  weighty  arguir^ents  in  favor  of  govern- 
mental assistance,  perhaps  on  a  decreasing  ■scale  year  by  year,  to 
bridge  the  gap  during  the  period  while  domestic  consuiTiption  is  • 
catching  up  v/ith  the  war  stimulated  production.     If  this  can  be 
arranged,  there  is  gO'cd  reason  t'O  believe  that  the  output  n'-^w  urged 
as  a  war  measure  can  be  absorbed  advantageously  by  domestic  consum- 
ers not  -very  long  after  the  end  of  the  war,  with  the  r.esult  that  the 
drying  faciliti es  can  be  continued  in  use  and  the  f armers-  ivho  shift 
to  whole  milk  delivery  will  continue  to  have  a  market  for  their  milk. 
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Tentative  Estimates  of  Postv^ar  Utilization 

In  connection  v/ith  the  uses  which  may  be  made  of  nonfat  dry  milk 
solids  shortly  after  the  end  of  the  rehabilitation  period  in  Europe, 
it  may  be  helpful  to  have  a  detailed  account  of  the  quantities 
which,  it  seems  probable,  may  be  taken  by  the  various  users  in  the 
event  that  production  at  that  time  has  been  increased  to  900,000,000 
pounds  per  year.     Such  information  is  necessarily  based  upon  esti-  : 
mates  of  future  conditions. 

On  the  assumption  that  the  war  in  Europe  will  end  in  1944,  the  esti- 
mates presented  are  suggested  for  1947,     It  is  recognized  that  the 
estimates  are  not  equally  valuable.     Some  contain  a  greater  element 
of  conjecture  than  others.     In  some  instances,  as  in  bread,  data  are 
available  concerning  the  former  utilization  of  nonfat  dry  milk 
solids;  in  other  instances  there  is  no  definite  information  of  past 
utilization  on  which  to  base  appraisals  of  future  takings ,  The 
estimates  represent,  however,  the  best  opinion  v/hich  the  writer  was 
able  to  obtain  in  the  course  of  the  study  through  the  use  of  the 
available  data  and  making  inquiry  of  a  limited  number  of  persons  in 
the  respective  fields. 

The  very  tentative  distribution  of  an  estimated  annual  output  of 
900,000,000  pounds  is  suggested  by  the  follovdng  figures: 

Million  pounds 


1.  Baking  industry  400 

E,  Institutions  '75 

3.  Confectioners  and  ch  oc  o  ia  te  makers  60 

4.  Armed  forces  50 

5.  Ice  cream  30 

6.  Household  uses  "25 

7.  Sausage  25 

8.  Soups  and  cereals  15 

9.  Chocolate  milk  and  cultured  buttermilk  15 

10.  Cake  flour,  pancake  flour,  etc.  10 

11.  Margarine  manufacture  2 

12.  Direct  distribution  and  export  203 


Total  900 


With  respect  to  the  baking  industry,  it  may  be  noted  that  nearly 
170,000,000  pounds  of  nonfat  dry  milk  solids  were  used  in  it  in 
1939  by  bakeries  reporting  to  the  Census  of  Manufactures,  and  trade 
estimates  indicate  that  200,000,000  pounds  v/ere  used  in  1941. 

Although  the  400,000,000  pounds  suggested  for  1947  is  approximately 
double  the  largest  quantity  used  by  the  baking  industry  thus  far, 
it  is  smaller  than  the  proportion  advised  by  leading  nutritional 
authorities.    More  than  this  amount  v/ould  have  been  required  in  the 
white  pan  bread  baked  commercially  in  1939  if  6  percent  of  nonfat 
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drv  mill:  solids  had  been  used  in  its  nianufacture ,  and  it  is  knovm 
that  substantial  quantities  are  used  in  other  bakery  products. 

The  estimate  of  50,000,000  pounds  to  be  used  by  the.  confectioners 
and  chocolate  makers  is  conditioned  to  a  large  degree  by  the  national 
income.     It  i/as  estimated  that  more  than  20,000,000  pounds  of  nonfat 
dry  milk  solids  v/as  so  used  in  1942,  in  spite  of  limited  supplies 
in  the  last  few  months  of  that  year.     The  estimate  of  50,000,000 
pounds  for  1947  was  based  upon  the  expectation  of  a  high  national 
income,  although  somewhat  belov/  present  levels. 

The  commercial  production  of  ice  cresuTi  a.lso  is  related  closely  to 
the  level  of  the  national  income  and  this  estir;iate  is  be.sed  upon  the 
assumption  of  a  relatively  high  level.     It  is  recognized  that  many 
manufacturers  prefer  fresh  m.ilk  or  condensed  skim  milk,  but  the 
com.pactness  a.nd  convenience  of  nonfat  dry  milk  solids  are  strong 
factors,  particularly  in  deficit  areas,  with  respect  to  dairy  products, 

T/ith  respect  to  the  estimate  of  the  quantity  to  be  used  in  the  manu- 
facture of  margarine,  it  should  be  stated  that  liquid  skim  nilk  is 
preferred  if  an  adequate  supply  is  available.     In  a  number  of  in- 
stances, particularly  in  the  South,  shortages  of  skim,  milk  force 
manufacturers  to  turn  to  nonfat  dry  milk  solids. 

In  sausage  manufacture,  the  addition  of  nonfat  dry  mdlk  solids  will 
add  to  the  nutritive  value  of  the  product,  but  the  cost  will  be 
somev/hat  higher  than  if  cereal    were  added.     Probably  the  lower  grade 
sausages  will  use  very  little  nonfat  dry  milk  solids,  but  the  higher 
grades  may  use  a  considerable  quantity. 

The  amounts  which  will  be  used  in  institutional  and  home  cooking 
are  difficult  to  estimate,  but  it  is  reasonable  to  assume  that  these 
amounts  will  be  substantial     if  supplies  are  available.     This  is 
true  also  of  utilization  in  soups  and  cereals,  and  in  chocola.te  milk 
and  cultured  buttermilk. 

It  is  noticeable  that  a  larg;e  proportion  of  the  total  is  reserved 
for  export  and  direct  distribution.     Ilore  detailed  suggestions  on 
this  point  will  be  included  in  the  discussion  of  the  m.easures  neces- 
sary to  obtain  a  substantial  increase  in  the  production  of  nonfat 
drv  milk  solids . 

Costs  of  Pro?: ram  Kay  3e  Comparative Iv  Small 

Assuming  that  domestic  consuin^^tion  vvill  increase  rapidly'  in  the 
posti/ar  period  and  soon  equal  or  exceed  the  proposed  output  of 
850,000,000  pounds  of  nonfat  dry  milk  solids,  the  costs  of  the  in- 
crease in  production  v/ill  range  from  sm^all  to  moderate.    At  most, 
they  will  be  moderate  in  the  event  that  foreign  demand  falls  off 


shari^lv,  and  considerable  /rovernnental  assistance  is  necessary  in 
handling  part  of  the  output  while  domestic  consumption  is  catching/ 
up  to  t'he  expanded  production;  they  v/ill  be  small  if  foreign  demand 
drops  off  gradually,  permitting  domestic  consumption  to  take  up  the 
slack  without  such  assistance.     In  the  latter  event,  the  principal 
cost  will  be  the  e:cpense  involved  in  obtaining  an  increase  "in  pro- 
duction of  about  52 5,0 JO, 000  pounds  in  a  comparatively  short  time 
over  what  it  would  cost  if  spread  over  a  longer  period,  ''These  boosts 
should  be  only  slightly  liigher  tlmn  those  v/hich  have  bean  incurred  ■ 
in  stimulating  production  in  1942  and  1945,     In  comparison  v/ith  the- 
costs  of  most  commodities  produced  to  meet  emergency  needs,  those 
of  an  increased  output  of  nonfat  dry  milk  solids  v/ill  be  small. 


A  3RQAD,   COORDHTATED  PROGRAl-:  IS  ESSENTIAL 
IN  OETAINIITG  IIICREASE 


It  ho.s  been  pointed  out  in  th-o  foregoing  sections  thc.t  a  number  of 
factors  have  interfered  vath  the  production,  of  nonfat  dry  ir. ilk 
solids.    As  things  stand,  production  is  decreasing.    To  one  measure 
can  correct  all  the  difficulties  advantageously.     In  order  to_  reverst 
the  do"vvnward  trend  and  obtain  a  substantial  increase  in  production, 
it  is  nedessary  to  attack  the  problo:.i  on  several  fronts  tlirough  a 
broad,  well  coordinated  progrcia. 

Vigorous  action  is  required  because  the  increased  supply  v.^ill  be 
needed  this  year  and  the  next  since,  as  T.ras  noted  above,   the  peak 
needs  for  nonfat  dry  milk  solids  are  likely  to  occur  sometine  in 
1945  or  1946,     In  these  cir  ciJinistanceG ,  it  is  to  be  expected  that 
greater  pressure  v/ill  be  required  to  acliieve  the  goal  than  if  the 
increase  in  production  could  v/ell  be  spread  over  several  years,  par- 
ticularly since  the  cooperation  of  numerous  plants  and  large  nunbers 
of  their  patrons  nust  be  obtained. 

Restating  the  problem,  it  is  evident  that  in  order  to  'achieve  an 
annual  output  of  approxiiria.te ly  850,000,000  pounds  of  nonfat  dry  milk 
solids,  it  Yn.ll  be  necessary  to  divert  about  4  billion  pounds  from 
farm  separation  to  'vnole  milk  delivery.     Even  if  the  shifts  are  made 
principally  in  the  areas  of  more  intensive  do.irying,  they  probably 
Y/ill  involve  about  150,000  farmers,   of  udiom.  most  Y.dll  be  found  in 
localities  not  nov-f  served  by  drying  plants. 

The  mf. jor  items  included  in  a  program  necessary  to  reach  this  goal 
include: 

1.  Assurance  of  m.arket  for  nonfat  drv  milk  solids  for 
several  years 

2.  Premium  for  v.'hole  m.ilk  delivery  (or  higher  prices  for 
nonfat  dry  milk  solids  if  feed  subsidy  should  be  dis- 
continued) - 

3.  Government  funds  for  drying  facilities  (including  farm-- 
cooling  systems) 

4.  Publicit^^  ccjTipaign  shovdng  need  for  poY'dered  milk 

5.  Educational  work  (by  State  colleges)  on  substitutes  for 
skim,  milk  as  feed 

Price  and  other  control  of  all  manufactured  dairy 
products  and  fluid  cream- 
Aid  in  obtaining  labor  for  drying  plants 
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S.  Orgariizcd  redistribution  of  drying  equipment 

9.    De contra.! i zed  purchasing  and  storing  arrangements 

10.    Quality  improvement  program. 

Assurance  of  a  market  for  nonfat  dry  mi  lie  solids  for  several  years 
after "the  close  of  the  rehabilitation  period  should  be  given  the 
creameries  and  farmers  joining  in  the  increased  production  of  this 
commodity.    A  guarantee  for  a  year  or  tv/o  is  not  sufficient  to 
induce  nevi  plants  to  undertake  drying.,  because  at  least  several  months 
ordinarily  are  required^  to  get  drying  operations  under  v/ay.  Unless 
the  margin  of  profit  is  iTide,  a  period  of  several  years  may  be  re- 
quired before  the  increased  rctiirns  overbalance  the  costs  involved. 
The  assurance  does  not  mean  that  prices  must  be  maintained  at  the 
current  level,  but  rather  that  a  market  for  the  commodity  should  be 
provided  at  prices  not  out  of  keeping  vrith  those  of  other  dairy  pro- 
ducts, so  that  producers  may  Imovr  that  they  will  not  be  forced  to 
close  dovm  operations  soon  after  the  end  of  the  vfar  because  of 
inability  to  find  an  outlet  for  their  pov/der.     In  the  absence  of 
such  assurance  it  '7ill  be  necessary  to  offer  sufficient  inducements 
to  persuade  numerous  sm.all  groups  to  take  the  risks  of  loss  of  a 
market  separately;  it  is  much  more  economical  for  the  government  to 
pool  the  risks  of  this  type  tiirough  proidding  a  market.     One  way  that 
this  can  be  done  is  by  arranging  that  a  government  agency  shall  pur- 
chase the  output  in  excess  of  what  domestic  commercial  demand  can 
absorb  and  either  sell  the  surplus  abroad  or  dispose  of  it  through 
direct  distribution.     Purchase  of  the  surplus  should  be  at  a  level 
commensurate  mth  prices  of  other  dairy  products, 

A  premium  on  v.'hole  milk  delivery  is  nocessar"'''  on  the  basis  of  -oresent 
prices,  either  in  the  form  of  a  subsidy  or  of  higher  prices  for 
nonfat  dry  milk  solids,  in  order  to  facilitate  a  rapid  shift  from 
farm  separation  to  the  delivery  of  whole  milk.    At  present'  (Lxarch, 
1944)  the  feed  subsidy  has  been  changed  to  provide  for  from  50  to 
80  cents  per  100  pounds  of  milk  and  8  cents  per  pound  of  butterfat. 
If  the  subsidy  is  continued,   it  vrculd  be  possible  to  widen  the 
differential,  if  this  step  becomes  necessary,  emphasizing  in  the 
announcement  of  the  change  that  the  differential  v/as  being  paid  in 
order  to  increase  the  quantities  of  whole  m.ilk  solids  used  for 
human  food.     This  step  is  suggested  in  order  to  make  an  impressive 
gesture  tovrard  Vv'-hole  milk  delivery,  thus  facilitating  a  rapid  con- 
version from  cream  sales  to  whole  milk  delivery. 

If  the  feed  subsidy  should  be  discontinued,  an  advance  in  the  prices 
of  nonfat  dry  milk  solids  would  be  necessary  if  increased  output  is 
to  be  obtained.     Further,  an  adjustment  in  prices  of  cheese,  evapor- 
ated milk,  etc.,  would  be  required  also  in  that  instance,  lest 
butter  and  nonfat  dr2/  m.ilk  solids  drs.w  excessive  qua;ntities  of  milk 
av/ay  from,  those  commodities. 

In  considering  prices,  it  should  be  noted  also  that  the  prices  of 
nonfat  dry  m.ilk  solids  and  of  other  manufactured  dairy  products 
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should  be  adjusted  for  seasonal  variations.    A  flat  price  tends 
to  cause  production  to  be  concentrated  in  the  spring  and  sumraer, 
rcvorsine:  the  gradual  trend  toivard  ]nore  uniforra  production  of  milk, 
tliroughout  the  year,  Y;hich  had  resulted  fron  the  higher  prices 
prevailing  in  the  fall  and  A'/inter. 

"  o « .  ,  It  is  Y.;ell  knoTiHi  that  most  farmers  find  it  easier 
to  produce  milh  in  the  summer  than  in  the  winter  and 
that  there  is  a  natural  tendency  for  their  output  to 
vary  Yfi  del  y  from  season  to  season.       If  average  prices 
were  paid  for  all  the  milh  that  producers  cared  to 
deliver,  a  special  stimulus  would  obviously  be  ^iven 
to  surnm.er  dairying,  o.o  "  (3) 

T'lhile  these  remarks  r/ere  directed  to  the  oroduction  of  fluid  milk, 
they  anplv  to  'oroduction  for  m?..n\ifacturinr  -ourr.oses  as  well.  It 
should  be  home  in  mind  also  that  there  is  greater  reason  to  desire 
comparatively  uniform  production  of  ixilk  for  the  m.anufacture'  of 
butter  and  povfder ,  oarticularly  v/hen  expensive  spray  equinment  is 
used,  than  v/as  the  case  when  butter  i/a.s  the  only  product. 

Government  funds  should  be  em'olo"''ed  to  provide  dryinr  facilities  in 
nevr  localities  where  adequate  supplies  of  milk  can  be  obtained. 
Such  funds  already  have  been  used  in  the  erection  of  plants  and  the 
purchase  of  equipment.     Consideration  should  be  given  also  to  the 
extension  of  this  practice  to  the  extent  of  aiding  with  other  facil- 
ities.    The  use  of  such  funds  will  decrease  the  total  of  other 
inducements  necessary  to  obtain  an  adeouate  increase  in  the  produc- 

V  X 

tion  of  nonfat  dry  milk  solids. 

One  use  of  such  funds  which  may  be  particularly  helpful  ma^^  be  in 
the  form  of  grants  to  stim.ulate  the  erection  of  farm  cooling  tanks 
or  other  approved  means  of  cooling  milk  on  farms  vdiere  butter fat  has 
been  sold.     Even  if  such  facilities  have  been  provided  for  the  cream, 
they  are  likely  to  be  inadequate  for  the  increase  in  vol^Jme  repre- 
sented by  sales  of  m.ilk.     Lack  of  proper  cooling '  equipment  on  the 
farms  tends  strongly/  to  lov.rer  the  quality  of  the  milk  received  at 
the  creameries,  particularly  when  farm  v'or'-:  is  pressing,  and  thus 
to  lower  the  quality  of  the  poYv-der,     Grants  of  this  sort,  perhaps 
of  ;;(;oO  per  farm,  should  be  made  only  while  the  expansion  program  is 
under  Y/ay,    Used  in  this  manner,  they  Y'ill  aid  in  •oersuading  a  com- 
paratiY-ely  large  proportion  of  the  patrons  of  the  creameries  newly 
turned  to  milk  dr^dng  to  sh.ift  prauptly  from  farm  separation  to 
whole  milk  delivery,   thus  permitting  the  dryer  to  a'-^-orcach  m-a-xiiaum 
capacity  m.ore  quickly, 

A  publicity  cam.paign,  carried  on  principally  in  the  areas  where 
shifts  from  farm  separation  to  Ydiolc  milk  delivery  are  most  feasible., 
is  highly  desirable  in  settinr  forth  the  need  for  more  nonfat  dry 
milk  solids  and  in  persuading  creameries  and  farmers  to  cooperate 


in  providing  it.    Definite  stc>.toments  by  leading  officials  con- 
cerning the  need  for  the  coBimodity  ^'■.nd.  statements  concerning,  the 
steps  proposed  in  order  to  obtain  it  are  essential,  but  in  addi- 
tion an  intensive  follow-up,  keyed  to  the  conditions  of  dairy 
fanners  and  plant  operators  in  the  respective  areas,  should  not  be 
overlooked.     In  this  connection,  the  services  of  the  college  edi- 
tors and  of  the  Extension  Services  in  the  States  involved  should  be 
especially  helpful.    No  high-pressure  salesmanship  is  advisable, 
but  the  facts  concerning  the  need  for  nonfat  dry  milk  solids  and 
the  v.allinri-ness  of  the  f^ovcrroiLent  to  make  comi-aitmonts  to  obtain  an 
adequate  amount  should  be  brought  before  those  persons  v/ho  Y;ill  be 
called  upon  to  decide  v/hether  or  not  to  join  in  providing  it, 

J^ducational    work  in  animal  nutrition  providing  information  concern- 
ing the  best  substitutes  for  skim  milk  as  a  feed  should  be  pushed 
vigorously  in  the  States  v.rhere  farmers  turn  from  cream  sales  to 
whole  milk  deliveries.     This  action  is  necessary  because  many  farmers 
do  not  knovv^  what  nutrients  are  contained  in  the  skim  milk  v/hich  they 
have  been  feeding  to  their  calves,  pigs  and  chickens.     If  they  shift 
to  whole  milk  deliveries,  their  young  livestock  are  likely  to  make 
poor  progress,  perhaps  even  to  the  point  that  some  famers  will 
revert  to  cream  sales  in  order  to  have  the  skim  milk.    A  vigorous 
educational  campaign  will  point  out  the  proteins,  minerals,  and 
vitamins  which  should  be  added  to  the  ration  for  each  class  of  live- 
stock to  replace  the  skim  milk  as  fa.r  as  possible. 

Perhaps  this  work  could  best  be  handled  by  requesting  the  Animal 
Husbandry  faculties  and  the  Extension  Services  of  the  various  States 
to  conduct  the  needed  campo.igns.    Attention  should  also  be  given  to 
the  need  for  increasing  the  legume  acreage  in  those  States  in  order 
to  supply  more  vegetable  proteins  for  animal  feed. 

price  control  of  other  manufactured  dairy  products  also  is  desir- 
able.    Production  of  nonfat  dry  milk  solids  v/as  reduced-  seriously 
in  1943  because  a  number  of  competing  products  could  be  sold  at 
prices  substantially  higher  than  those  commanded  by  nonfat  dry 
m.ilk  solids  and  also  because  such  products  v/ere  not  affected  by 
"set  aside"  orders.     This  situation  vdll  be  corrected  in  part  by 
Food  Distribution  Order  II.-".  93  of  the  War  Food  Administration, 
YiThich  bo  came- effective  March  1.,  but.it  would- be^  helpful  if  specific 
price  ceilings  were  imposed  upon  the  competing  products  as  well. 

Food  Distribution  Order  No.  93  provides  for  control  of  the  produc- 
tion of  dried  v/hole  milk  and  dried  milk  products  and  compounds 
through  restrictions  on  sales  and  inventories.     It  does  not  deal 
with  the  diversion  of  skim  m_ilk  from  nonfat  dry  milk  solids  to  the 
"more  profitable  condensed  skim,  milk  (see  p.  9),  but  that  diversion 
has  been  of  minor  consequence,  - 

Imposition  of  specific  price  ceilings  upon  all  dairy  products  v/ould 
help  increase  the  production  of  nonfat  dry  milk  solids  through 
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removal  of  the  temptr.tion  to  turn  to  more  profitr.blc  products. 
For  this  reason^  the  imposition  of  such  ceilings  would  facilitate 
the  administration  of  Food  Distribution  Order  Ko.  95.  Further, 
it  nay  be  noted  that  the  coraparatively  high  prices  received  in 
sone  insta.nces  for  defatted  nillc  solids  for  cxLvial  feed  tend  to 
decrease  the  incentive  for  the  plants  producing  such  solids  to 
shift  to  the  noro  costly  production  of  food.     Effective  ceilings 
upon  the  feed  product  would  contribute  to  a  greater  shift  to  the  ■ 
production  of  defatted  -dry  jnilk  solids  for  human  food. 

Aid  in  labor  natters  should  be  given  to  di'ying  plants.  Available 
evidence  indicates  that  this  may  fall  under  tivo  main  heads.  One 
consists  of  representations  to  the  Yfar  Manpower  Commission  concern- 
ing the  need  for  wage  adiustments  in  dryinj''  pla.nts  T.-hich  are  not 
able  to  obtain  sufficient  labor  for  full  operation  because  of  the 
competition  of  v;ar  plants.     The  evidence  here  admittedly  is  scanty 
but  it  aopcars  that  the  possibility  of  effecting  some  improvement 
should  not  be  oyer  locked.     It  v/ill  be  unfortuna.te  if  it  is  neces- 
sary to  erect  new  plants  and  persuade  farmers  to  turn  to  whole 
milk  delivcrv  in  order  to  produce  some  nonfat  drv  milk  solids  ivhich 
could  be  produced  with  existing  f£.cilitios  if  additional  labor  v;erc 
availadole. 

In  the  second  place,  the  importance  of  men  skilled  in  m.ilk  drying 
should  be  brought  more  clearly  before  Selective  Service  officials. 
It  is  understood  that  deferments  for  such  emplovecs  have  been 
difficult  to  obtain  and  that  drying  operations  in  some  places 
already  have  been  handicapped  seriously  by  the  lack  of  trained  men. 
In  view    of  the  fact  that  the  commodity  is  urgently  needed  and  that 
the  skill  of  one  man  may  be  important  to  a  large  number  of  farmers 
Y/hose  milk  he  processes,  it  would  seem  that  a  valid  claiin  to  occupa 
tional  deferment  could  be  defended  in  mo.ny  instances, 

LiOre  intensive  use  of  drying  equipment  is  highly  desirable.  It 
appears  that  a  considerable  amount  of '"Equipment  for  milk  pov^dering 
noTf  is  situated  in  areas  where  it  is  not  being  used  because  no 
skim  milk  is  available  for  drying.     This  is  true  particularly  in  . 
metropolitan  m.ilksheds  where  the  increased  demand  for  fluid  m.ilk 
has  greatly  reduced  the  surplus  formerly  available  for  povrdering, 
condensing,   or  evaporating.     In  some  milksheds,  too,  the  increased 
demand  for  fluid  milk  has  left  very  little  to  be  s^cimmed  for  fluid 
cream,  so  that  less  skim,  m.ilk  is  a.vailable  fromi  that  source. 

Because  of  the  shortage  of  critical  materials,  it  is  desirable 
that  intensive  efforts  be  made  to  rLOve  idle  equipment,  \^here  -nrac- 
ti cable,  to  areas  Y/here  skim  milk  can  be  mde  available  rather 
than  to  attempt  to  manufacture  all  the  additional  equipment  needed. 
Some  progress  has  been  made  in  tl'ds  direction,  but  it  is  believed 
that  an  organized  effort  would  obtain  good  results,  particularly 
v/ith  respect  to  roller  equipment.     It  is  recognized  that  spray 
process  equipraent  is  more  difficult  to  move. 


-48- 


Consideration  may  be  given  to  the  organization  of  an  agency  to 
purcMse  such  idle  equipnent  and  sell  it  to  groups  v.^ich  can  put  • 
it  to  use.     It  should  be  borne  in  inind  that  the  concerns  v/hich 
have  such  equipment  Yd.ll  bo  able  to  purchase  new  and  improved 
equipment  at  a  later  date  Yihcn  they  are  again  in  a  position  to 
na3r:e.  use  of  it.    Adequate  consideration,  of  course,  should  bo  given 
to  the  possibility  of  higher  prices  for  equipment  in.  the  post-war 
period. 

Some  roller  process  equipnent,  however,   is  held  in  reserve  against 
flush  periods.     One  excjnple  of  this  type  is  that  of  a  I'isconsin 
creamery  vj-hich  had  shut  down  its  dryer  in  the  fall  of  1943  and  v/as 
selling  its  skim  milk  to  a  nearby  spray  plant  which  was  ptxyihg' more 
than  this  creamery  could  realize  from  its  sale  of  roller  poY/der. 
Though  this  situo.tion  prevailed  v,^iile  production  was  small,  it  was 
desired  to  retain  the  equipment  because  indications  were  that  the 
spray  plant  vrould  not  be  able  to  purchase  milk  when  production  should 
become  heavier,    Allov/ance  must  be  made  for  such  conditions. 

The  possibility  of  increasing  output  through  the  installation  of 
pre-heating  and  pre-condens ing  equipment  should  not  be  overlooked 
in  areas  where  supplies  of  milk  are  in  excess  of  drying  capacity. (10 ) 
In  a  number  of  instances  such  equipment  may  permit  a  material, en- 
largement of  the  quantity  dried.     In  some  roller  plants,  it  may  be 
possible  to  install  another  roller  unit,  provided  that  the  boiler 
capacity  is  equal  to  the  added  load.     In  some  areas  v/here  there  has 
been  a  considerable  shift  to  Y;holc  milk  delivery,  the  creamery 
managers  have  exercised  caution  in  taking  on  nevi  patrons  in  the 
spring,   lest  they  should  be  unable  to  handle  all  the  milk  during 
the  flush  season. 

PerhaDS  further  pressure  could  be  used  to  advr^ntage  to  cause  conver- 
sion  from  the  production  of  nonfat  dry  milk  solids  for  feed  to 
production  for  huinan  food,  but  this  point  requires  further  investi- 
gation.    Some-  nonfat  dry  milk  solids  for  feed  is  necessary  in  the 
production  of  calf  meal,  poultry  feed,  etc.,  v-fhich  is  much  needed 
for  use  in  localities  delivering  whole  milk  to  creameries  and 
other  milk  plants.     Perhaps  this  matter  could  be  handled  more  con- 
veniently by  the  imposition  of  price  ceilings  upon  nonfat  dry  milk 
solids  for  feed,   (See  above,  pp,  46-47) 

Consideration  should  be  given  also  to  the  possibility  of  converting 
some  egg  powdering  plants  into,  mill:  dr^dng  plants  in  the  event  that 
fevyrer  dried  eggs  should  be  required  in  1944,  and  especially  in  1945. 
It  is  recognized  that  milk  receiving,  cooling  and  handling  equip- 
ment vd-ll  have  to  be  added  and  the  expense  may  be  increased  if  the 
buildings  have  not  been  designed  v/ith  an  eye  to  this  contingency, 
but  a  nuraber  of  such  plants  may  bo  utilized  to  advantage  if  ade- 
quate supplies  of  milk  are  available.     In  some  instances,  it  may 
be  desirable  to  transfer  the  equipment  to  areas  where  mdlk  can  be 
obtained. 


Decentralizcition  of_  purchasinr;  and  shi-oping  arrangoinents  is  desir- 
able  because  s one  of  the  snaller  crecjiieries  producing  dried  skim 
millc  experience  difficulty  in  dealing  at  a  distance  i^ith  Tlashington 
officials.     Many  cf  then  have  been  accustoned  to  tm^n  over  most  of 
the  probleriis  in  . the  .narketinjr;  of  butter  to  the  -.Thclesalers  '..^ith 
whom  they  trade.     In  part  for  this  reason,  they  have  found  it  dif- 
ficult to  deal  at  a  di,stance  ""//ith  authorities  in  T/ashington  in 
scllin-T  thoir  nonfat  dry  nilh  solids  to  the  Office  of  Distribution. 

Another  difficulty  has  been  inability  to  obtain  shipping  instruc- 
tions after  the  nonfat  dry  nill:  solids  had  been  accepted,    llany  of 
the  SLiCi-ller  crcaneries  do  not  have^  a  great  deal  of  warehouse  space 
and  thus  are  not  in  position  to  handle  a  large  accumulation  of 
nonfat  dry  milk  solids  in  addition  to  the  empty  barrels  which  they 
have  to  keep  on. hand. 

Regionalization  of  purchasing;  and  warehousing  arrangements  for  non- 
fat dry  milk  solids  would  bring  the  persons  in  charge  much  closer 
to  the  producers  of  this  commodity  and  would  permit  greater  flexi- 
bility in  the  purchasing  and  shipping. 

The  above  suggestions,  of  course,  do  not  contemplate  any  reduction 
in  the  services  ncvr  being  rendered  by  the  Dairy  and  Poultry  Branch 
to  creameries  and  others  interested  in  the  production  of  nonfat 
dry  milk  solids.     On  the  contrary,  it  is  evident  that  the  scope  of 
such  services  will  have  to  be  increased  if  numerous  creoxieries  and 
large  nuiTibers  of  farmers  arc  to  enter  the  new  field  of  milk  drying. 
Perhaps  additional  consideration  sh.ould  be  given,  however,  to  the 
possibility  of  transferring  more  adi';iinistrative  control  of  such 
activities  to  the  area.s  where  thcv  are  most  in  demand. 

A  quality  improvement  program  should  be  developed,  because  the 
increase  in  the  number  of  plants  nroducinr^  nonfat  dry  milk  solids 
and  the  delivery  of  Y.diolo  milk  by  farmers  accustomed  to  farm  separ- 
ation will  tend  to  lower  the  avera.^e  quality  of  nonfat  dry  milk 
solids,    '.Tith  the  present  shor.to.ge  of  supplies,  the  poorer  lots 
are  penalized  less  severely  than  they  i7ould  be  if  supplies  v/ere 
adequate,  but  it  is  appo.ront  that  poor  quality  is  likely  to  create 
an  unfavorable  impression  of  the  commodity  among  current  users, 
which  will  retard  consumer  acceptance  after  the  end  of  the  war. 
Further,  the  plants  which  produce  com.paratively  poor  powder  mil 
face  serious  difficulties  in  selling  their  product  when -supplies 
become  more  abundant. 

Some  loY\rering  of  quality  already  has  been  apparent  as  a  result  of 
the  nev;-  localities  included  up  to  the  end  of  1943.  If  a  substan- 
tial increase  in  nonfat  dry  m.ilk  solids  is  to  be  obtained  iii  1944 
and  1945  through  the  extension  of  v-diole  milk  deliveries  into 
butter  territory,  the  average  quality  is  likely  to  show  a  further 
drop  unless  measures  are  adopted  to  reinforce  the  efforts  now  being 
made  by  various  agencies  to  secure  improvement. 
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Quality  ii-nproveraent  prof^rams  have  "been  pushed  by  some  of  the 
larger  organizations  but  the  principal  effects  of  such  programs 
are  restricted  to  their  patrons.    A  considerable  rjaount  of  work, 
in  the  aggregate,  has  been  directed  tov;ard  imprcvenents  in  milk 
quality  by  the  Bureau  of  Dairy  Industry  and  by  the  Dairy  Depart- 
ments and  the  Extension  SerirLces  of  the  agricultural  colleges  in 
the  States  in  which  dairying  is  ii;iportant,  but  this  work  should  be 
expanded  to  keep  pace  v/ith  the  increased  importance  of  nonfat  dry 
milk  solids. 

Steps  tc  improve  the  quality  of  nonfat  dry  nilk  solids  should  be 
taken  by  the  T/ar  Food  Administration  as  part  of  its  dried  milk 
program,  reinforcing  anc  coordinating  the  work  of  the  other  public 
agencies  in  this  direction.     The  '.[ar  Food  Administration  has  some 
responsibility  for  quality  since  it  stiiTiulated  the  expansion  which 
has  tended  toward  a  reduction  in  the  average  quality;   it  stands  to 
gain  by  raising  the  quality  of  the  nonfat  dry  milk  solids  offered 
to  it j  and  higher  quality  will  reduce  the  need  for  governmental 
assistance  in  the  market  after  the  end  of  the  war. 

This  v/ork  would  fall  into  tvro  main  divisions  —  research  and  educa 
tional  v/ork.    Probably  the  research  \/ork  should  be  apportioned 
between  the  Bureau  of  Dairy  Industry  and  the  appropriate  agricul- 
tural colleges.     It  should  include  a  systematic  study  of  milk 
handlin;^  U"oon  the  farms,  in  transit  to  the  ^ilants  and  Vvlthin  the 
plants,  as  well  as  of  the  drying  processes  and  of  the  factors 
affecting  nutritive  values,  the  palatability,  and  the  keeping  qual 
ities  of  nonfat  dry  milk  solids.     Considerable  attention  should  be 
given  also  to  the  development  of  improved  tests  of  the  quality  of 
nonfat  dry  milk  solids  and  to  tracing  the  effects  of  variations  in 
the  production  and  handling  of  milk  upon  that  quality.     Much  infer 
Elation  bearing  upon  these  subjects  is  nov:  available  and  it  should 
be  brought  together  an'-'  supplemented  by  additional  studies.  It 
should  bo  directed  toward  the  end  of  permitting  variations  in 
quality  to  be  reflected  accurately  through  price  differences  to 
the  plants  producing  the  nonfat  dry  milk  solids  and  to  the  farmers 
sending  milk  of  var^dng  quality  to  the  drying  plants. 

The  educational  work  at  the  outset  vrould  be  devoted  primarilv  to 
adapting  information  already  at  hand  concerning  milk  handling  to 
the. use  of  plant  managers  and  employees  as  well  as  to  farmers. 
Later,  it  should  include  increasing  proportions  of  the  information 
being  developed  in  the  research  program.     Such  work  should  be  done 
of  course,  in  cooperation  with  the  existing  agencies,  coordinating 
and  reinforcing  their  efforts. 
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MOST  OF  lur  DRYIITG  Sv-UIPl.SIIT  SliOULD  BE  OF  ROLLEIl  TYPE 

Since  the  peel:  need  for  ncnfr.t  dry  milk  solids  may  occur  in  1945, 
•  it  "is  evic^ent  that  vrhatover  increase  in  nnnfat  dry  milk  solids 
production  is  to  be  obtained  should  be  gotten  quickly.  Largely 
for  this  reason,   it  is  believed  both  that  nest  of  the  nei/  drying 
equipment  still  to  be  arranged  for  and  installed  should  be  of 
the  roller  t^npe  and  a  major  part  of  the  increased  output  should- 
be  of  roller,  process  pov/der.     Some  additional  spray  process  i?lants 
doubtless  should  be  erected  in  appropriate  places,  but  conditions 
in  most  localities  i^hich  have  yet  to  siii.ft  from  farm  separation 
to  i^iole  milk  delivery  will  favor  the  roller  process  type. 

The  use  of  roller  type  equipment  in  localities  nov;  to  mdlk  drying 
is  in  accordance  ivith  the  usual  course  of  events  of  this  type  in 
other  comiuunities , 

Historically,  the  evolution  of  types  of  equipm.ent  in  the  experience 
of  manv  "olants  in  the  Middle  "^ilest  has  been  from  the  roller  process 

V         J-  X. 

type  to  the  spray  process  type.     Frequently  the  first  ejqperience 
of  a  creamery  pioneering  in  this  fiel'c;  has  been  with  a  sm.all 
roller  Yifhich  was  used  to  drv  buttermilk  and  some  skim  milk  for 
feed.     Then  soinetime  when  the  ir.rket  for  nonfat  drv  milk  solids 
for  food  was  actix'c,  the  shift  to  the  production  of  food  T/as  made, 
presently,  a  larger  roller  vrcs  needed,,  then  another,  and  sometimes 
a  third  or  a  fourth.     Then  when  o,  large  supply  of  s'':im  milk  for 
dryin:::  had  been  built  up,  the  creanerv  r;as  in  a  Dosition  to  under- 
take  the  installation  of  spray  process  equipment  in  order  to 
obtain  the  higher  prices  which  that  powder  comiands. 

Roller  Equipment  is  Better  Suited  to  Many  iiew  Localities 


Two  major  factors  in  choosing  between  roller  and  spray  process 
equipment  are  the  peak  supply  of  milk  available  for  drying  in 
the  flush  season  and  the  seasonal  variations  in  the  supply.  If 
the  TDoak  sur)ply  of  milk  is  comparatively  small  and  if  the  amount 
falls  off  sharply  after  the  flush  season,  it  is  probable  that 
rollers  v.dll  be  preferable,  assuming  that  the  supply  is  largo 
enough  to  justify  any  drying  equipment. 

Since  the  initial  investment  for  a  plant  of  given  capacity  is  much 
greater  in  spray  equipment  than  in  roller  equipment,  it  is  evident 
that  Y/ith  spray  equipment  it  is  important  to  hc<.vQ  a  supply  of 
mdlk  sufficient  to  maintain  drvin.-H;  at  full  volume  throughout 
nearly  all  the  year.    Another  item,  to  be  considered  is  the  differ- 
ence betv/een  a  large  plant  equipped  witli  roller  and  one  with  spray 
equipment.     The  roller  process  plant  may  have  as  riany  as  four 
roller  units  and  can  shut  dovna  one,  tv/o  or  three  of  themi  during 
the  slack  period,  thereby  reducing  the  costs  and  increasing  the 
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flcxibility  cf  its  operations,    A  spray  process  plant  having 
two  units  nay  shut  c.oy,^i  one  of  then  if  supplies  of  nilk  are 
short,  but  a  plant  having  only  one  spray  unit  v/oulc'  be  forced  to 
operate  fevrcr  hours  under  such  conditions,  thus  increasing  the 
cost  per  pound  tlirough  greater  proportional  expenses  for  prepar- 
ing to  dry  and  for  cleaning  the  equipment  as  vrell  as  for  such 
things  as  depreciation,  interest  and  insurance, 

Sone  vrcll  established  plants  have  cone  to  handle  the  problen  of 
peak  supplies  of  milk  through  the  addition  of  roller  equipment  to 
their  spray  drying  equipment,  operating  the  roller  units  only 
during  the  flush  season.     In  this  vray,  they  are  able  to  keep  the 
spray  process  equipment  going  at  rather  a  high  rate  during  nearly 
all  the  year. 

Obviously,  fev.'-  localities  where  milk  drying  equipment  is  being 
newly  installed  Yri.ll  be  in  a  position  to  handle  both  tj'-pes  of 
equipment.     In  such  localities  it  is  likely  that  the  seasonality 
of  nilk  production  vri.  11  be  greater  than  the  average  for  the  United 
States  and  for  this  reason  also,  roller  process  equipment  is 
preferable  for  most  of  then. 

Of  course,  it  is  possible  for  a  creojnory  having  only  a  moderate 
quantity  of  skim  milk  for  drying  to  install  a  spray  dryer  and  to 
arrange  to  purchase  whole  milk  or  skim  milk  from,  other  creameries 
in  order  to  have  adequate  supplies  for  full  operation.     Such  a 
course,  hov>,'ever,   involves  the  assumption  of  greater  risks  than 
are  justified  in  m.any  instances.     It  is  believed  that  purchases 
of  this  type  are  more  difficult  to  effect  in  the  areas  \7here  con- 
version to  whole  milk  delivery  is  begirining  than  in  those  where 
it  is  the  accepted  practice.     This  cir cuinstance  also  favors  a 
greater  use  of  roller  equipment  in  the  newer  localities. 

It  is  possible  also  to  bring  together  enough  milk  to  warrant  the 
installation  of  spray  equipment  tlirough  the  federation  of  a 
nimber  of  crecjneries  which  indi'/iduall^.'  would  not  have  enough 
milk  for  that  purpose.     Such  arrangements,  however,  are  much 
easier  to  effect  if  the  creconerics  already  have  been  accustomed 
to  act  as  a  group  in  other  mr.ttcrs.     Here  time  vrould  be  required 
to  promote  the  organization  of  such  a  group  and  to  obtain  spray 
equipment  than  for  individual  crecuiieries  to  install  roller  equip- 
ment.    Even  though  a  number  of  creameries  in  an  area  m.ay  be  vri.  11- 
ing  to  join  in  such  an  effort,  it  is  likely  that  some  others  may 
require  a  great  deal  of  persuasio:i  or  m.ay  be  entirely  un.v.d.lling. 

There  is  a  possibility  also  that  the  existing  laws  in  each  State 
may  not  be  so  frc-med  as  to  facilitate  the  federation  of  a  group  of 
cremerics  for  the  purpose  of  manufacturing  ojid  selling  nonfat  dry 
nilk  solids.    ITo  definite  infomation  is  available  of  any  diffi- 
culty arising  on  this  point,  but  it  is  one  which  should  be  con- 
sidered. 
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In  view  of  these  cir  curnstcncos ,  it  is  evident  that  increased 
production  of  nonfat  dry  nilk  solids  can  be  obtained  Liore  quickly 
in  laany  localities  v/here  fann  separation  is  nov;  practiced  through 
the  use  of  roller  equipment  than  of  spray  process  equipncnt. 
Lc.rgely  for  -this  reason  it  is  urged  that  the  installation  of  roller 
equipment  be  pushed  vigorously. 

Additional  spray  process  equipnent  should  be  installed  in  locali- 
ties ^irhich,  can _  utilize  this  equipment  to  advantage,    ".-.Tiere  volume 
of  milk  to  be  dried,  the  seasonality  of  milk  production,  and 
other  conditions  are  favorable,  the  spray  process  affords  a  more 
efficient  means  of  marketing  the  skim  m.ilk  than  does  the  roller 
process,  because  the  spray  process  pov;dcr  is  more  desirable  for 
mp.'ny  purposes  and  comiaands  a  higher  price  per  pound. 


More  Roller  Powder  Can  Be  Used  Advantageously 

Obviously,  much  more  roller  process  nonfat  dry  milk  solids  could 
be  used  to  advantage,  both  at  home  and  abroad,  if  it  could  be 
obtained.     Indications  are  that  substantial  quantities  of  it  can 
be  utilized  to  advantage  in  this  country  in  post-war  years  at  a 
moderate  differential  under  the  prices  of  spray  process  powder. 
It  is  possible  that  foreign  demand  for  it  in  post-war  years  Vfill 
be  highly  sensitive  to  price  and  that  a  large  proportion  of  our 
exports  will  consist  of  roller  powder  if  it  is  only  slightly  cheaper 
than  the  spray  process  powder,  ; 

The  principal  domestic  outlets  for  roller  process  nonfat  dry  milk, 
solids  in  the  United  States  vmen  supplies  again  are  relatively 
abundant  seem  likely  to  be: 

1,  Confectionery 

2,  Sausage 

3,  Part  of  baking  industrv 

4,  Institutional  cooking 

5,  Hass  feeding  -  floods,  great  fires,  and  other 
catastrophes. 

In  general  it  appeo.rs  that  confectioners  will  not  pay  any  prem-i^jm 
for  spray  powder  over  roller  process  powder  and  it  does  not  appear 
that  so.usage  manufacturers  as  a  class  Y;ill  pay  more  than  a  very 
slight  premium.     The  question  of  spray  versus  roller  po'i'':der  for 
bread  baking  is  controversial,  but  the  indications  are  that  ma.ny 
bakers  will  not  be  vailing  to  pa^''  much  more  for  spray  process  than 
for  good  roller  process  powder.     For  some  uses  in  cooking  in- 
institutional  Izitchens  (hospitals,  restaurants,  dorm.itor ies , 
prisons,  etc),  such  as  soup,  meat  loaf  or  biscuits,  the  roller 
process  powder  may  be  as  desirable  as  the  spray  process  nonfat  dry 
milk  solids. 
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There  is  reason  to  believo  thcit  these  uses  ivill  be  able  to  absorb 
a  considerable  proportion  of  the  roller  process  nonfat  dry  milk 
solids  likely  to  be  produced  in  the  immediate  post-vrar  period,  so 
tli^.t  an  undue  proportion  v.dll  not  Itt.vo  to  be  pressed  for  export 
at  that  time.     Even  a  premium  of  l/2  cent  or  3/4  cent  for  spray 
process  poi-.Tler  is  likely  to  tip  the  balance  of  demand  toward  the 
roller  process  for  some  uses. 

For  other  uses,  hov/ever,  the  spray  process  pomlor  v/ill  be  preforre.d, 
when  supplies  are  more  plentiful,  even  at  a  considerable  premium. 
The  principal  ones  are: 

1..    Reconstitution  as  fluid  skim  milk 

2.  Kost  ice  cream 

3.  Chocolate  making 

4.  Icin[:s 

5.  Certain  kinc''.s  of  calces 

6.  Chocolate  milk,   cultured  buttermilk,  etc. 

7.  Margarine  manufacture 

8.  Household  packages 

9.  Infant  food 

Turning  to  the  matter  of  foreign  needs,  it  is  apparent  that  more 
roller  process  nonfat  dry  milk  solids  could  be  usee  to  advantage 
for  Lend-Lease  purposes  at  the  present  tim.e.     Late  in  1943  it  v;as 
reported  in  Parliament  that  British  millers  nov/  are  required  to 
incorporate  three-fourths  of  one  percent  cf  nonfat  dry  milk  solids 
in  their  bread.   (15)     This  proportion  is  very  small  and  more  roller 
process  powder  coulc'  be  used  to  advantage  there. 

No  definite  evi-^'ence  is  at  liand  concerning  the  probable  foreign 
demand  for  roller  process  pov/der  o.fter  the  rehabilitation  period, 
but  here  it  is  reasonable  to  assume  that  ^;hon  rTiporting  countries 
come  to  finance  their  ov;n  purchases,  the  prices  of  the  commodities 
bought  T.dll  be  scrutinized  very  closely.     In  such  circumstances, 
many  buyers  are  likely  to  prefer  the  roller  process  poi.'.-'''.er  even 
if  prices  are  only  slightly  lovrcr  than  tliose  of  spray  process 
powder. 
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Table  2  -  Milk:     Production  on  farms,  milk  equivalent  of  farm  churnings 
and  "sales  of  butterfat,  and  deliveries  to  v^/holesale  plants 
by  years.  United  States,  1924-42 


Year  : 

Milk  production 

:  Milk  sold  as  butterfat 
:            or  utilized 
:       in  farm  churnings 

•      Milk  delivered 
:wholesale  to  plants 
:        dealers,  etc. 

In  millions  of  pounds 

1924 

89,240 

42,611 

j.  25,907  , 

1925 

90,699 

43,153 

\  26,830 

1926 

93,325 

44,857 

.'27,707 

1927  . 

95,172 

45,792 

28,600 

•  1928 

95,843 

44,607 

30,367. 

1929 

98,988 

44,854 

33,347 

1930 

100,158 

44,621 

34,497 

1931 

:  103,029 

46,529 

34,614 

1932 

103, 810 

47,915 

33,501 

1933 

■  104,  762  ■ 

48,322 

33,705 

1934 

101,621 

45,210 

33,869 

1935 

101 , 205 

43,495 

35,647 

1936 

102,410 

42,067 

38,777 

1937 

101,908 

40,192 

40,470 

1938 

105,807 

41,901  .    ,  . 

42,657' 

1939 

106,792 

41,640 

43,801 

1940 

109,510 

41,186 

47,166 

1941 

115,498 

42,193 

■  52,219 

1942  l/ 

119,240 

39,163 

59,192 

1943 

1944 
1945 


l/  Preliminary 


Source;     Farm  Production,  Disposition  and  Income  from  Milk,  1941-42 
and  Miscellaneous  Dairy  Statistics,   1942.  Bureau  of  Agri- 
cultural Economics,  April  1943 


I 

to. 

to: 

CD 


03 

o. 
-p 

(Si 

■P 

CO ' 


o 

-H 

hC 
Q 

+3-  ■ 
Ki .  : 

'CS 


(D 
-P 

•H 

ra 
aJ 

g 
§ 

43 
O 

:3 
o 


rH 
•H 

I 

to 

(D 
1-4 
,Q 

G$ 

EH 


05 
-P 
CO 


■  cr> 

rH 

CD 

0 

CD 

CD 

LO 

CD 

rH 

0 

.  CO 

CD 

(Ti 

rH  ■ 

CD 

CO 

to 

CD 

CO 

to 

LO 

CD 

CO 

0 

CO 

CD 

CO 

0 

CO 

CM 

CD 

CM 

cr>  ■ 

; 

•i 

•> 

•» 

1—1  : 

LO 

CO 

LO 

CD 

CO 

CO . 

LO 

rH 

•■1' 

0 

CD 

J  1 
f  1 

rH 

e«  *• 

to 

LO 

0 

■^"^ 

rH 

CO 

00 

t> 

LO 

CO 

00 

rH  • 

CO 

CO 

CO 

CO 

LO 

CO 

CO 

CM 

CM 

rH 

CD 

^  • 

CD 

rH 

CO 

CD 

CO 

CO 

CO 

CD 

rH 

LO 

CO 

CO 

LO 

CO 

CO 

co 

CO 

-H 

rH 

CO 

00 

LO 

fH 

^ 

rH 

. 

; 

rH 

* 

0 

CO' 

LO 

rH 

CD 

LO 

CO 

CD 

LO 

CD 

10 

CO 

OD 

CO 

rH 

'^'^ 

0 

00 

CO 

rH 

rH 

CO 

CD 

rH 

/ 

OJ  ■ 

CD 

CO 

LO 

rH 

CO 

CO 

lO 

CT> : 

•1 

»> 

rH 

■  in 

CO 

CO 

00 

^o 

CO 

rH 

CM 

LO 

CD 

iH 

LO 

0 

rH 

i- 

w 

' 

■  C! 

CO 

0 

CD 

CO 

0 

rH 

CO 

CO 

0 

CO 

CO 

CM 

D 

■  LO  ■ 

CO 

CO 

CO 

rH 

0 

rH 

CD 

to  . 

.  ^ 

;  rH 

CO 

rH 

co 

CD 

CD 

LO 

CO 

CD 

LO 

C— 

rH* 

LO 

^0  ■ 

CO 

CO 

CO 

CO 

r— ( 

rH 

1— t 

^o 

CD 

rH 

LO 

0 

rH 

0 

•H 

rH 

CO 

CD 

CO 

0 

LO 

0 

CD 

iH 

CM 

CM 

00 

CO 

rH 

CO 

CO 

CO 

CO 

t> 

CO 

CvJ 

CD 

CM 

CO 

CO 

■'H 

■  cy 

rH 

CO 

uO 

rH 

CO 

CO. 

LO 

LO 

CO 

LO 

a>- 

CO 

CD 

. 

CO 

CO 

00 

rH 

rH 

rH 

-CM 

LO 

rH 

LO 

■  M 

rH 

« »  mr 

cO 

CD 

0 

CO 

CO 

CO 

CO 

^H 

00 

CO 

rH 

00 

>• 

rH 

0- 

LO 

LO 

CD 

to 

CD 

CSO. 

co 

en 

CD 

CD 

0 

CO 

*"("' 

CO 

CO 

CO 

CD 

CO 

LO 

CO 

CO 

rH 

rH 

rH 

0 

1 — 1 

fH 

LO 

0 

rH 

. 

CO 

CO  ' 

LO  ■ 

LO 

CO 

CD 

CD 

CO 

CM 

LO 

CO 

rH 

rH 

LO 

CO 

rH 

CO 

rH 

00 

CD 

LO 

CO 

CO 

CJ 

p — 

L 

0 

CO 

0^ 

CO 

CM 

CO 

CD 

i-H 

CO 

CO 

to 

rH 

rH 

rH 

rH 

CM 

rH 

LO 

rH 

to 

CD 

CD 

CO 

CD 

rH 

CD 

CO 

rH 

LO 

LO 

UQ 

LO 

CO 

CO 

CO 

LO 

10 

0 

CM 

LO 

CO 

00 

CO 

CO 

CO 

CO 

o> 

to 

CO 

CD 

r^l 

CM 

a> 

1 

rH 

<^ 

CO 

CO 

-n 

0 

CO 

CJ 

rH 

rH 

0 

0 

rH 

•  H 

o 

•H 
rH 

rH 


LO 


•  H 


erf 

I 


C5 

-P 

-P 

0 

0 

-P 

05 

M 

?d 

CO 

f: 

-P 

-P 

•H 

a 

•H 

® 

0 

CO 

§ 

0 

!H 

P 

W 

1 

•H 

w 

:3 

w 

bD 

^ 

•  H 

<D 

0 

0 

•H 

CD 

Si 

w 

-p 

0 

0 

-P 

0 

w 

•H 

w 

•H 

•H 

•  H 

0 

rC 

0 

•H 

p5 

0 

CO 

•H 
•H 

rH 
0) 
V. 


•H 

CJ 

O 

CO 

o 


<D 

o 

to 

•  H 


CO 

:3 

-p 

§ 

CD 

rH 

rH 

:3 

0 

CM 

rH 

•H 

•H 

1 

t-i 

rH 

Oi 

CD 

-i; 

Cm 

rH 

0 

CO 

0 

rH 


-P 

i 

-p 

cS 
!H 

0)  <+H 
P 

0 
.  e 

CO  o 


o 

o 
o 

o  W 


05 


0 

rH 

;3 

IH 

0 

•  H 

JH 

CM 

'< 

-r- 

CD 

0 

rH 

•H 

0 

-P 

•H 

:3 

to 

CO 

05 

0 

0 

? 

•H 

+J 

to 

W 

•  H 

CQ 

•H 

P 

-P 

g5 

CM 

-P 

■  ;^ 

CO 

CD 

•H 

rH 

rH 

■P 

OS 

to 

$ 

X5 

0 

•H 

rH 

U 

-P 

CO 

-H 

•H 

B 

-P 

cj 

05 

-p 

CO 

i 

CM 

i 

1 

LO 

rH 

to 

CD 

CD 

rH 

rH 

0) 

o 

o 

CO 


CD 


o 

'I 

o 


cn 


CD  C£>  CD 
hfi-  rfi'  W 

ro  o  CO 


I    I  I 


o  p 


3 


o 

g- 

o 

>  ct- 


P  P 

-s  ^ 

o  o 
a. 

O  O 

rt-  d- 

O  O 

:3  ^3 


a  w  a 

f-i  H-  H- 

CO  W  M  M 
tf>  •TIJ  *Td 

w  o  o  o 


M 

0-. 

o 


<rt- 

H- 

O 


p  p  p 

^3  t3  3 
CL  jx  A' 


3  3  r3 

o  o  o 

o  o  o 

s  3  s 

a»    CD  CD 

Mj   t-b  Hj 

'-i  *-i  *^ 

o  o  o 

3  3  3 

>7=»  H=< 
»=< 

(_>.  H'  H- 

I— '  h-J  I-* 

?r 


t-j  h-"  1— ' 

CD  CD  CD 

Hp-  W 

►-^  O  cn 

I  I  I 

w 

to  h- '  CD 


P 

3    tl)  txi 

CD  CD 

P  P 

C  C 


0] 

o 

CD  O  O 
h- <  Ms 

p  >  > 

CD  -S 

6    H-  H- 

Coo 

w  c  c 

H-i  I— ' 

a  c+  d- 

P  C 

•-J    p  p 

<<;(—'  M 


o 

o 
3 


w  t?d  M 

d-  o  o 

P  o 

d-  t3 

H-  O 

w  B 

d-  H-  H- 

H-  O  O 

O  CO  CO 

"  >  t> 

CD  "J 
H-  H- 

^^  i-< 


tXl  CD  CD 
CP 

to 
o 

O 

c 

c+ 
C 
►1 

:  P 


-s 

CD 

3 

P 


CD  CD  CD 
hf^  if^ 
U^  ti^ 


1— • 

t— • 

(— ' 

1-' 

t— ' 

I-' 

CO 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

^^ 

ff^ 

C>: 

oa 

03 

C\3 

1— ' 

O 

CD 

CD 

-o 

CT^ 

cn 

1^ 

t— ' 

f  ' 

j  1 

I 

i  1 

1 

1  J 

ro 

ro 

CO 

t— ' 

ro 

ro 

CD 

CO 

O) 

CO 

o 

O 

o 

^ — J 

f  n 

r  ki 

r  »3 

t  w 

CkI 

C7) 

cn 

^^ 

ro 

1— ' 

■o 

ro 

cn 

C/J 

cn 

ro 

OQ 

C  O 

(-> 

M 

1* 

CO 

CO 

o 

CD 

CO 

M 

cn 

ro 

00 

ro 

O 

o 

w  t 

I 

/ 

)— ) 

I— * 

L  i 

r 

i  J 
r 

cO 

cn 

cn 

ro 

ro 

o 

c  O 

C_J 

O 

cn 

-<3 

w 

cn 

ro 

ro 

rn 

cn 

t  J 

1  1 

CO 

CT) 

cn 

ro 

C/Q 

C/3 

M 

03 

O 

CD 

cn 

o 

CO 

 T 

o 

CT5 

■-a 

cn 

cn 

OJ 

cn 

^^ 

1 

(J  J 

CD 

cn 

C/3 

M 

-<i 

CD 

I-' 

cn 

1 

I— ' 

(— ' 

M 

1— ' 

>. 

*• 

cn 

cn 

^^ 

cn 

CO 

CTi 

M 

1-' 

-J 

O 

O 

o 

K  ' 

^ — ' 

\J3 

Oo 

CV5 

ro 

ro 

ro 

ro 

M 

H-'-o4^roHJ.ooocn 
cot-'ffi.-qrorocDcn 

h^^CXiCDCD>;^rO-<jCZ) 

cncncncncncncncn 


ro  H- '  O  CD 

on  hfS'  O  03 

C/1  O  ro  ro 


cn 

-v3 

cn 

cn 

O 

o 

cn 

CO  ro  O  O  CD  C3D  -J 
-<icnH-'(j3t£)-«3cnO 
-30CAi-^0503cnro 


1— ' 

1—' 

t— ' 

M 

M 

(— ' 

03 

C/J 

cn 

O 

cn 

O 

CD 

cn 

O 

03 

ro 

cn 

-a 

O 

cn 

cn 

3 

H- 

t-" 

>• 

1— ' 

^^ 

CD 

cn 

cn 

cn 

I—" 

t— ' 

M 

w 

cn 

CD 

I—" 

cn 

c 

o 

CD 

ro 

cn 

-0 

ro 

O 

c« 

ro 

1— ' 

1— ' 

o 

o 

CO 

cn 

cn 

cn 

cn 

cn 

ro 

CD 

)— ' 

CO 

cn 

cn 

CaI 

oa 

ro 

O 

ro 

ro 

CO 

ro 

ro 

ro 

ro 

ro 

CD 

C/3 

OQ 

ro 

cn 

ro 

a. 

cn 

cn 

O 

CD 

cn 

CXI 

O 

C/2 

I— ' 

h- ' 

H- ' 

\--> 

\-> 

I— ' 

\-> 

cn 

C<j 

ro 

ro 

ro 

ro 

CO 

ro 

cn 

^^ 

o 

CD 

CD 

o 

C^l 

M 

-0 

O 

cn 

cn 

O 

O 

C/1 

^-' 

cn 

cn 

M 

M 

cn 

00 

CO 

CD 

CD 

CD 

o 

M 

cn 

ro 

03 

03 

cn 

03 

cn 

O 

O 

CnI 

O 

03 

00 

ro 

o 

ro 

ro 

ro 

ro 

ro 

ro 

l-J 

CD 

cn 

ro 

o 

03 

C>] 

ro 

CXI 

CD 

CX) 

CD 

cn 

03 

CD 

ro 

ro 

O 

CD 

ro 

t-" 

I—" 

1— ' 

I-' 

03 

ro 

I— ' 

o 

o 

-<3 

CD 

CD 

1—' 

rj 

cn 

03 

ro 

00 

-J 

CD 

1—' 

oc 

00 

cx> 

cr> 

cn 

cn 

cn 

C/C 

cn 

CD 

cn 

CD 

CO 

CD 

t— ' 

ro 

ro 

ro 

ro 

ro 

o 
o 


cn  CD  ro  h-"  >— •  cn  cn 
cn  ro  CD  03  cn  Cai 
O  cn       cn  ro  03  cn 


rOOCDCDCOOO->3<3 

O3cx)cncnc/ioo3ro 
corocDi— 'vf^-cS'-aro 
-qosMO-^cn-qcn 


rorororororororo 
ro>f^c>3CAiroi— 'rocxi 

roocnrocoh^-oro 
-j-ocncncDrocDcn 
0^;i.c^ICncncDrf^|-' 


rorororoi— 'j-'t-'H-' 
cDcnroocDOo-^cn 

1— 'H-iroc/acncriCnoo 

t— 'CX3-^^C/5ro-<3CD 

OJOiK-'roOcncno 


CD 

p 


CO  O 

p  ^ 

M  o 
CD 

M  3 

CD  H- 


Cfl  o 

p  ^ 

I— '  CD 

CD  P 

w  3 
3 

CD  H- 
I— ' 

-  fS' 


03  c: 

p  -i 

I— '  o 

CD  P 

CO  9 

•  •  •  - 

a  3 

CD  H- 

M  I—" 


CO  O 

P  T 

H--  CD 

CD  p 

CO  3 

• » 

CD  H- 


03  O 

P  ^ 

h-J  CD 

CD  P 

CO  3 
•• 

CD  H-  13^ 
M  I-'  O 

CD 


W  O 

P  -J 

H-'  CD 

O  P 

w  3 
3 

CD  H-  l:^ 
■•<;  CD 


P 


03 


CD 


o 

CD 

P 

3 

«• 

mi 

h-> 

o 

M 

CD 

03  O 

P  *-J 

I-'  CD 

CD  P 

" 

p.  3  ' 

CD  H- 

I— '  I— '  O 

«<;  CD 


CO  o 

p  --t 

V-*  CD 

O  p 

"  .? 

a  3 

CD  H- 

M  I— '  o 

-  PS'  M 

CD 


03  O 

p  M 

h-'  Q 

CD  P 

03  3 
»• 

CL  3 

CD  H- 

1— •  H-" 


03  O 

p  "-J 

H-'  ,CD 
CD  p 

00  3 
3 

CD    H'  13" 

I— '  o 
'i<^  CD 


03 

P 

1—1 

M 

CD 

CD 

P 

03 

3 

GO 

3 

Who 

el 

IT 

Q 

M 

O 

• 

CD 

1  i_j 

I  1 

t 

O 

r  r> 

1  ' 

1 — ' 

1 — ' 

1 — ' 

1 — ' 

(— ' 

(— ' 

1 — ' 

U  J 

05 

Oi 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CO 

CD 

CD 

CD 

H< 
t 

cn 

H-  ■ 

K- 

h  -* 

h  — 

C  J\ 
sj^ 

CJ 

• 

\^ 

1 

CJ 1 

h - 

ro 

CD 

CO 

CJ> 

cn 

tT\ 

—A. 

CT 

rro 
UW 

1  i_ 

'* 

to 

'< 

t — 

ro 

r\"i 

1  1 

I — ' 

1 — 1 

C"j 

Ol 

03 

CD 

CD 

W 

CD 

CD 

-<i 

h  ' 

(— ' 

h - 

C3D 

C7I 

CD 

O 

I— ' 

CD 

O 

ro 

CD 

cn 

1 

CD 

o 

1-?^ 

cn 

(» 

-0 

on 

CD 

CD 

h'-'- 


CD 

ro 


CD  CD 

h  •  h"- 
O 

I  I 


1 — J 

O  ^ 

PJ 

o 

Q 

O 

O 

~ 

c 

O 

1  1 

) — ' 

p 

o 

i 

•-s 

c+ 

d- 

'■'^^ 

Cv 

H- 

d^ 

o 

.CO 

O 

r3 

£^^ 

CD 

HH 
TJ 

o 

O 

p 

*1 

p 

CO 

00 

d- 

i, 

Ci 

P 

P 

d- 

P 

(-< 
} 

P 

d- 

■C- 

<« 

d- 

H' 

0 

CO 

P 

1 — ' 

c/: 

d- 

/ — s 

v.  J 

O 

H- 

d- 

h  ^ 

O 

O 

P 

CO 

f— \ 

/T\ 

\\J 

CD 

P 

I—' 

C/} 

CD 

ro 

an 

• 

s:: 

Pr 

P 
o 

t — I 

o 

d- 

d- 

*5 

CD 

P^ 

O 

o 

o 

c+ 

St 

p 

)-*• 

P 

d- 

( — ' 

1— ' 

H- 

CO 

*^ 

CO 

h- 

pj 

ro 

tj 

• 

CD 

Tj 

O 

o 

^ 

CT 

d- 

W 

o 

>-< 

d- 
co 

1 — 

d- 

CJ 

O 

t— ' 

O 

CD 

CU 

h-- 

t— • 

on 

• 

O 

o 

Bu 

O 

f-  " 

1— ' 

d- 

d- 

•-1 

g 

O 

P 

o 

>^ 

C+- 

i?d 

C 

o 

o 

JO 

•-s 

1— ' 

o 
B 

H' 

O 

H- 

c 

o 

O 

M 

o 

CO 

d- 

!=i 

O 

P 

cn 

CO 


CD 


CD 
ro 


CO 

ro 


03 


ro 

cx> 

C<1 
CD 


ro 

CD 
CD 
O 


ro 
ro 

ro 


ro  c^roroh- '(— 'h-'v— 'I— ' 
CO      cn      cx)  cx)  OT  Cai 

H-"  M       OJ  k;-  -<i  -o  t-r  -J 

CTJCDh-'^OrOCDH-'CD- 

CD  c»cnOi-'.  h-Oocn 


c/i(4i>oorororo.H-'h-'M 

CD  --a  M  --3  ro  oa  CD  crj  cn 

ro  K'..  H-"  h'-  cn  hr-  CTi  cn)  ro 

-<3  ro      t^  -  O  on  -J  o  CO 

I— '  corororpcni—'H-'ro 


h  .  cn  GO  ro  ro  ro  ro  M 

h;:.^  H^-       CD       --^  ro  CD 


-<1 


Caj  CD^^-OOonrocnro 

O  (Ti  K  -  On!  CC  M  hT--  -<3 
cn  cocDcnccoi— 'roro 


cn  -<it;-CNiCNio<irororo 

-<]  M  C/3  cn  o  K-  CO  on  ro 

!-'  c  j       o<!       Ol  CO  M  -<3 

h--  h-"  00  on  Ci  cn  fr^-  ro 

ro  -<3H-'Oo.  cncnoocnoo 


cn  ti-^  c-o  c<j  Ca!  ro  ro  ro 

CaJ  COi— 'COH-'-TOCC-^Jh;- 

cn  CD       Cn  (,'  ■  h  -  Cj".'  ro  h-' 

~j  f-;^  CO  •<!  CO  CD  t-"  cn  o 

cn  cn  o  cc  CD  ro  I— '  CO  o 


cncno<iC^rororoi-*t— ' 

CX!    CO  t-'  t-"         -<3  h%  CD  -<! 

cn  cn  CD  C  Oni  cn  1—'  on 
cn  cDCncDCT^irOh^i-ro-^ 
OCnCrJh"    OH-'rOh;:;.  o 


o 

CO 


1—' 

cn 

ro 

ro 

ro 

ro 

M 

1— ' 

CO 

ro 

ro 

CD 

cn 

O 

CnI 

CD 

-<3 

cn 

>• 

h  ■ 

oo 

CD 

ro 

cn 

ro 

ro 

O 

CO" 

o- 

cn 

CD 

CD 

On! 

cn 

t— ' 

03 

CD 

on 

O 

CC 

1— ' 

o 

ro 

cn 

CD 

t— ' 

CaI 

ro 

ro 

>-' 

ro 

t— ' 

t— ' 

h-J 

a' 

03 

CaI 

ro 

■CD 

ro 

CO. 

on 

^« 

cn 

CO 

o 

CC 

<J 

cn 

1— ' 

cn 

h 

cn 

cn 

cn 

h"- 

O 

cn 

cn 

-<i 

C30 

ro 

cn 

CD 

t— ' 

ro 

ro 

ro 

(-1 

ro 

1— ' 

1— ' 

cn 

cn 

ro 

CO 

ro 

cn 

CD 

Ca! 

>• 

cc 

CO 

cn 

ro 

on 

o 

cn 

o 

CC 

O 

CO 

cn 

cn 

cn 

cn 

(—I 

h— 

ro 

t— ' 

CD 

O 

OJ 

1^ 

0<J 

CO 

CD 

ro 

cn 

1—' 

ro 

ro 

M 

M 

M 

h-- 

ro 

CD 

CO 

CaI 

cn 

CD 

CD 

cn 

cn 

CO 

O 

o 

CD 

CD 

ro 

hr  • 

cn 

CaI 

ro 

O 

1—' 

cn 

ro 

a. 

o 

(— ' 

CD 

ro 

I—" 

ro 

c;i 

ro 

ro 

ro 

1— ' 

M 

O 

C^l 

1— ' 

ro 

M 

CO 

CXi 

h- ' 

cn 

O 

CD 

on 

o 

H- ' 

Ca; 

CD 

CO 

CD 

ro 

ro 

00 

ro 

o 

03 

CC 

o 

CO' 

O 

CO 

OO 

CO 

h^-  ■ 

1— ' 

ro 

ro 

on 

ro 

cn 

03 

Ck! 

ro 

ro 

ro 

ro 

cn 

cn 

cn 

ro 

cn 

o: 

ro 

CD 

ro 

cn 

cr. 

!-• 

-J 

CD 

CaJ 

-<I 

cn 

-J 

hl- 

CD 

CO 

1  1 

on 

CO 

cn 

cn 

f— ' 

cn 

cn 

ro 

ro 

Ca! 

O 

-a 

cn 

O 

1— ' 

M 

•<3 

P 

o  \ 

<{ 

CD  - 

c 

CD 

C/a 

1— ' 

t— • 

(— ' 

M 

1— J 

1— ' 

1— ' 

M 

l7d 

•-s 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CO 

CD 

CD 

CO 

O  CO 

P- 

1 

^r-• 

h'- 

4^ 

oo 

CO 

CO 

03 

CO 

CD  d- 

CT 

Cn) 

CD 

ro 

I— ' 

o 

CD 

CD 

<3 

cn 

cn 

CD 

CD 

• 

p 

M      ^  d-' 

\—> 

1— ' 

O        D  • 

CO 

- 

- 

CD 

o 

)-> 

o 

CD 

cn 

W  P^ 

1— ' 

1 — ' 

CJi 

o 

CD 

CD 

CD 

O 

cn 

It- 

ro 

<£l 

cp 

C£) 

o 

CT) 

o 

CaI 

t-' 

-O 

OO 

ro 

o 

I—" 

M 

oo 

C/0 

cn 

cn 

W 

^D 

\-> 

O 

1 

1 

1 

1 

1— ' 

M 

ro 

CD 

1— ' 

o 

ro 

CD 

cn 

. 

o" 

p 

•-J 

CT 

ro 

-o 

a> 

03 

(— ' 

^, 

oo 

CD 

ro 

o 

o 

^ 

CO 

k"- 

cn 

O 

cn 

O 

d- 

C 

CO 

Oi 

CD 

CD 

cn 

(— ' 

-a 

O 

p 

P 

O 

o 

o 

a- 

Si 

c+ 

c+ 

d- 

1— ' 

M 

1— ' 

M 

d- 

ro 

ro 

h- ' 

ro 

cn 

OO 

CD 

o 

o 

P 

<! 

o 

ro 

OO 

CD 

CO 

o 

cn 

P 

d- 

P 

o 

ro 

CD 

OO 

(—I 

ro 

p 

ro 

o 

OJ 

ro 

CD 

CO 

I— ' 

-J 

^•^ 

cn 

CD 

O 

o 

CT 

GO 

p 

CO 

d- 

t— ' 

M 

M 

I—" 

c+ 

p" 

d- 

P 

ro 

OS 

03 

^^ 

05 

M 

o 

O 

p 

d- 

I* 

c 

d- 

CD 

H- 

t^^ 

CD 

CD 

• 

cn 

CD 

CD 

CI 

h  • 

oo 

CD 

ro 

o 

P 

Ul 

d- 

CO 

CD 

CT) 

03 

h  ■ 

O 

H- 

o 

c+ 

O 

O 

O 

P- 

CO 

(— ' 

ro 

h-" 

ro 

i-> 

h-' 

00 

cn 

o 

CO 

-< 

h  • 

o 

CD 

u . 

o 

p. 

d- 

o 

M 

CO 

cn 

CO 

O 

cn 

c» 

CO 

1— ' 

H' 

CD 

cn 

Oo 

CO 

ro 

CO 

-J 

cn 

o 

o 

O 

CD 

CD 

cn 

cn 

CD 

o 

o 

ro 

OO 

p 

t3 

P" 

• 

I— ' 

M 

(— ' 

f-" 

ro 

t-J 

p 

£ 

o 

CD 

->3 

O 

cn 

G) 

cn 

:3 

•-J 

«« 

<« 

hj 

P 

o 

cn 

oo 

as 

OO 

ro 

1—' 

o 

O 

CD 

o 

CT5 

cr> 

CO 

ro 

o 

(— ' 

o 

o 

d- 

c 

d- 

CO 

o 

-J 

W 

CT5 

oo 

O 

ro 

o 

OS 

CD 

p 

P 

P. 

CD 

1:5 

M 

h-' 

■ 

(— ' 

1— • 

(— ' 

d- 

c/: 

03 

ro 

CD 

C/0 

ro 

'in 

1— ' 

ro 

ro 

cn 

d- 

w 

•# 

o 

P 

o 

OJ 

oo 

cn 

CD 

cn 

CD 

H- 

P 

o 

d" 

CT 

ro 

O 

hi  - 

<j 

P 

OO 

OO 

M 

p- 

CD 

o 

CD 

cn 

CO 

O 

o 

CD 

CO 

M 

CD 

• 

o 

CD 

CD 

cn 

I—- 

cn 

o 

CO 

CD 

o 

— < 

o 

O 

P 

cr> 

CO 

CT) 

CD 

->] 

ro 

CO 

CO 

P- 

d- 

O 

CD 

ro 

c: 

CD 

CO 

cn 

CD 

1— ' 

d- 

d- 

CD 

o 

(3^ 

O 

CD 

cn 

cn 

O 

CD 

• 

CD 

d- 

P 

d- 

M 

03 

O 

CD 

M 

00 

cn 

o 

o 

CD 

O 

CD 

CD 

d- 

o 

1— ' 

P 

o 

03 

cn 

CD 

<J) 

CD 

1— ' 

O 

OO 

Hj 

to 

M 

-<1 

o 

ro 

00 

CD 

O 

o 

o 

cn 

O 

CT) 

o 

cn 

-0 

cn 

CD 

cn 

CO 

cn 

P 

'f  ' 

1  . 

CT 

• 

'-i 

•-i 

O 

M 

-  - 

o 

H- 

P- 

CO 

oo 

05 

O 

OO 

CTi 

CO 

-J 

O 

O 

C 

O 

1— ' 

CD 

O 

CD 

cn 

CD 

CD 

CO 

00 

(— ' 

h-J 

d- 

1— ' 

• 

M 

-J 

(— ' 

ro 

ct 

c 

d- 

o 

cn 

ro 

O 

CD 

CD 

o 

cn 

c: 

o 

O 

P 

• 

CD 

O 

• 

ro 

Oa 

CD 

cn 

M 

c+ 

t?d 

c» 

oo 

cn 

K 

M 

00 

o 

1-3 

03 

ro 

CX) 

O 

CT) 

ro 

CD 

cn 

CO 

o 

CO 

cn 

o 

cn 

C^ 

CD 

C-o 

o 

p 

CD 

(— ' 

O 

CO 

O 

CD 

H- 

j:^ 

GO 

ro 

oo 

CD 

CD 

CD 

00 

cn 

o 

O 

H- ' 

<• 

o 

m 

d- 

ro 

CD 

oo 

-J 

cn 

CD 

OO 

rv) 

OO 

CD 

ti 

cn> 

-o 

O 

ro 

to 

cn 

cn 

h'.'  ■ 

ro 

O 

o 

o 

cn 

1— ' 

CD 

CO 

CD 

■<j 

O 

CD 

P 

H- 

CD 

CD 

O 

CO 

W 

• 

o 

^ 

P 

o 

(D 

i-j 

h-> 

I—' 

M 

M 

•-J 

oq 

ro 

cn 

cn 

cn 

ro 

rj 

o 

o 

CD 

ro 

O 

CD 

O 

O 

-o 

cn 

CD 

H' 

O 

€» 

o 

CO 

cn 

i-> 

CD 

-<3 

CD 

CD 

o 

cr- 

M 

CO 

cn> 

ro 

CD 

ro 

w 

d- 

CD 

ro 

ro 

O 

o 

ro 

OO 

cn 

>•  p 

CD 
P^ 


o 
o 


CD 

cn 
1 

(-J 

to 

CD 

CD 

It- 

w 

O 

O  CD 

a' 

d- 

>->  P 
<! 

P  CD 

o 

p 

ri- 

ct> 


o 


O 

o 
H3 


o 
o 

CD 

CO 

CD 


P 

o 


CD 
O 
d- 


CD 
P 

O 


crt3 

O 
ct- 

p 


o 
o 

o 
o 

CO 


P 

P 

o 

ct 

hi 

CD 

CJ 
P 
H- 

o 

o 

d- 


CD 
CO 


P 


I  1 

o  ^ 


p- 
o 


ct  M 


P 


CO 

03 


S 

U' 

'< 

C/5  d- 
P 
d- 
H' 

0: 
d- 
H- 
O 
CO 


d- 

P 
d- 
CD 
DO 

o 
H5 


1-J  CO 
p  • 

P  P 

O  H« 

d-  c+ 
^  O 
^  P^ 

CD 

CO 

d- 
U  P 
P  rr 


Q 
CO 


H 

*-d  CD 

o  P 


JJU. 

B' 

.rt 

0 

CD 

c+ 

CD 

P 

pi 

<<• 

d- 

0 

0 

Ha 

CD 

^^ 

t 

0^ 

t— • 

• 

'-i 

H- 

dd 

1— ' 

1— ' 

d- 

CD 

d- 

P 

P 

re 

I—" 

of 

t?3 

0 

i> 

0 

^ 

0 

C^ 

I—" 

d- 

p 


■ft) 

CO 

:d- 

I 

.d- 
CD 
P^ 


P  M 
<4  CD 

O  CXI 


p 


cn 
I 


0"^  w 
CD  CD 


O 

h 


CD 


h 

cn 
CD 


CaI 
CaI 


CD 
CKl 


CaI 
I— ' 
03 


o 


O 


cn 


H-  • 
CD 


03 
CO 


CD 

H-- 

cn 
I— ' 


cn 


M 

h- ' 

I—' 

M 

1—' 

h- ' 

CD 

CD 

CD 

CO 

CO 

CO 

CD 

CD 

CD 

h"- 

K  ■ 

h- 

03 

03 

00 

CKI 

03 

03 

ro 

t— ' 

0 

CD 

03 

<] 

CD 

cn 

cx> 

1  « 

<» 

\# 

0 

0 

I—' 

ro 

CO 

ro 

cn 

OD 

ro 

cn 

0 

ro 

cn 

0 

cn 

-<] 

ro 

ro 

CO 

■0 

ro 

Cn) 

't— ' 

M 

M 

CO 

CT3 

ro 

ro 

03 

cn 

CO 

CO 

cn 

cn 

CD 

03 

0 

cn 

cn 

CXI 

Od 

CO 

03 

CO 

M 

M 

■- 

ro 

>• 

>• 

w 

£\5 

crs 

CO 

0 

CD 

CD 

CD 

cn 

cn 

CD 

Ca3 

^> 

CTi 

t-J 

-<] 

0 

-0 

C/^ 

CD 

cn 

M 

cn 

ro 

CKl 

ro 

1— ' 

M 

M 

>♦ 

w 

CD 

ro 

CO 

CD 

03 

Ol 

Ol 

0 

ro 

Oj 

0 

cn 

oo 

M 

CD 

0^ 

0 

ro 

03 

CD 

CD 

CD 

CK) 

ro 

1— ' 

ro 

. 

w 

-J 

0 

-<l 

CD 

CO 

cn 

CX) 

cn 

1— ' 

CD 

ro 

CD 

0 

CO 

0 

CT) 

H-' 

H-' 

ro 

CO 

■ 

cn 

H- 

ro 

ro 

1— ' 

ro 

ro 

«« 

cn 

CO 

ro 

C73 

cn 

0<l 

• 

C3 

CaJ 

0 

-<i 

CO 

CX! 

-<] 

-J 

cn 

M 

0 

M 

0 

03 

ro 

ro 

CO 

-Cn 

C/J 

03 

ro 

03 

1— ' 

M 

<• 

>« 

ro 

cr^ 

--3 

M 

03 

H-" 

CO 

CD 

0 

ro 

cn 

03 

0 

cn 

C<1 

0 

CD 

ro 

ro 

0 

03 

cn 

t  V 

1  1 

1  1 

>• 

<* 

<• 

M 

CO 

CO 

CD 

CD 

ro 

CO 

0 

CD 

CD 

ro 

cn 

cn 

CTJ 

OJ 

CO 

^^ 

co 

It- 

0 

CD 

cn 

CnI 

M 

ro 

f~| 

M 

t-J 

ro 

ro 

CO 

-0 

0 

cn 

-<1 

03 

M 

00 

cn 

0 

03 

OnI 

ro 

CD 

CD 

■<] 

03 

CD 

h— 

(.  w 

1  1 

1  1 

1  ( 

\—' 

>• 

>• 

t 

CO 

03 

cn 

ro 

CKl 

CO 

cn 

CD 

-J 

ro 

03 

ro 

ro 

ro 

cn 

CD 

cn 

C.^3 

03 

CO 

00 

CO 

03 

-0 

CXI 

ro 

ro 

M 

M 

1— ' 

cn 

ro 

to 

0 

1— ' 

03 

0 

CO 

03 

0 

cn 

CO 

0 

CO 

cn 

CT5 

if- 

H-" 

CD 

-< 

ro 

ro- 

1— ' 

«• 

03 

CD 

Hp- 

ro 

0 

CD 

cn 

CD 

CO 

oa 

CO 

CD 

I— ' 

0 

-a 

0 

cn 

CO 

CO 

ro 

ro 

ro 

ro 

h-" 

1— ' 

1— ' 

.ro 

cn 

CO 

0-3 

03 

CD 

\* 

*t 

^ 

to 

(— ' 

CT; 

H- 

h^- 

CD 

cn 

CT3 

ro 

-0 

CD 

-d 

03 

CaI 

0 

■<1 

CD 

ro 

CD 

CD 

0 

ro 

CD 

I  I 


CD 


CO 

o 
o 

CO 


I 


I 


tx) 

o 

P 

•I 

o 

o 

o 

g 

o 

• 

d- 

g- 

1 

o 

p 

c 

o 

•-J 

o 

O 

■< 

d- 

o 

H' 

H- 

o 

} — ( 

O 

O 

CD 

p 

H- 

C 

o 

ty) 

in 

CO 

of 

-J 

H- 

O 

CO 

O 

P 

M 

w 

p 

M 

G 

d- 

'-i 

c+ 

H- 

o 

Cr 

c: 

)-< 
I—- 

P 

o 

o 

c: 

p 

c+ 

o 

o 

\~> 

O 

? 

1.-J 

O 

CD 

»- 

o 

*-s 

Pi- 

t-' 

o 

p 

o 

M 

t3 

w 

Da 

o 

o 

• 

3 

P  o 
o  B 

^  d- 


CD 

h" 


O 
P 
M  • 

C+ 

•-s  dd 

cr. 

t?j  P 


o 


o 
o 
r3 
o 
B 

O  (jq 
CO  ^ 
H- 
O 

M 
d- 

P 

O 

o 

o 

B 

H- 

O 

05 


CD 


P 


d- 

:3 


o  o 


P 

o  CO 

d-  c 

^  <! 

p.  O 


H'  - 

•"d  CO 
ct- 

o 

C  CD 

O  y^- 

d-  tv> 
CO 


CO 


CD 


CD 


CO 

S 
P 

o 


O 

c 

d- 

P 


s  ■ 

o 

B  ■• 
o  ■ 

CO 


H-  O 

O  ::f 

CO  H- 

-  o 

p 

o 

o 

d-  O 
C!) 

H-  O 

1:5  o 


CO 

o 
o 

Hi 

CO 

p 


CO 

C 

Ci> 

o 
d- 


d- 
O 


o 

d- 


CO 

d- 
H* 

3 

p 

d- 


P  M 

^  CD 

CD  W 

•-J  Oi 

P  I 

CD  CD 


CD 

cn 


CD 

O 
CD 


o 

cn 


CD 
M 

o 

CD 


ro 

00 


CDCD  CDCDCD^COcD^tDCD 
h-  K^-  C/J  OO  CnI  oo  oo 

cn>?^,CA>roH-'OcDco-^cncn 


K- '  oooororooah'^roro 

O  OOO-C-OI— 'JN51-'  K - 

o  o      ro  h''^-  OO  t4>^  i-> 


I— '  oo  oo  ro  ro  ro  h"  -  ro  ro 

ro  h>  K'  .  CD  <3  <3  (-'  05  ro 

cn  cnoroh'-rocnro-o 

O  MO'-'^^^■'Orot— 'U1 


M  h-OOOOOOOOCj^OOC/^ 

CTi  k'--  CD  03  a>  OO  CTJ  cn  o 

h'-  -J  CD  OS  05  CO  M  OD  O 

O  ocTicncXfCnODOoo 


ro       t;:-  eP^ 


<3  h"^  oo 


ro  CD  o>  03  I— '  oo  t-."^  CD  cr> 

C/0  -^CXll— '-<]O0rOH-'-<3 

O  cDrocoooK-ooo5-o 


ro  cniCTicncncysoocTikr-o 

CD  coOh-i-'ro<X)-ocji 

oo  ro-^jccrv-joororooo 
cn       cn  C3^  O  K    vo  vo 


o>  05  05  cji  cn  o  cn  cn 

O  O0|— 'OoOcoOcDOO 
h-'-^ooMco-<j-<]ro 
O  -<JcnOiH-'c^-<lcnH-' 


ro 

h  - 

oo 

cn 

w 

03 

cn 

o 

CD 

cn 

CD 

--a 

oo 

o 

on 

ro 

C/O 

ro 

cn 

oo 

03 

'1— ' 

I— ' 

ro. 

O 

cn 

O 

cn 

oo 

oo 

oo 

oo 

ro 

cn 

oo 

oo 

v« 

03 

-a 

O 

CD 

cn 

CO 

ro 

O 

cn 

oo 

oo 

h  • 

oo 

C^i 

CSJ 

CD 

CD 

o 

ro 

ro 

1— ' 

ro 

cn 

CD 

O 

C/0 

ro 

oo 

oo 

ro 

oo 

ro 

02 

o 

ro 

O-O 

cn 

-o 

ro 

cn 

00 

ro 

00 

cn 

-J 

-J 

CD 

cn 

o 

C33 

-0 

ro 

03 

cn 

o 

CD 

oo 

I—' 

M 

ro 

ro 

oo 

C/O 

CrO 

oo 

ro 

ro 

CO 

05 

CO 

CD 

C-c 

ro 

oo 

ro 

CD 

CD 

cn 

oo 

-o 

OO 

cn 

03 

03 

OO 

O 

ro 

CD 

o 

cn 

cn 

CDO 

ro 

M 

ro 

ro 

ro 

ro 

ro 

ro 

<• 

>• 

cn 

O 

C/O 

cn 

cn 

00 

00 

-J 

-<3 

cn 

CD 

CD 

M 

o 

cn 

-a 

cn 

03 

CD 

OO 

03 

cn 

oo 

oo 

oo 

(— •roo^irorocsiCNiH-' 

cnOt;^-H-'cnc7jH-'OCX> 
rocnOoorocDtDh-oo 
Ocncncnoorocnoocn 


ro  i+-      h''-^  h  "  h-^  cn  C/O 

O  ro~,3cnOco-<]cn->3 

-<i  rooocnoocnf^i— 'cn 

CD  cn  h"-  HJ      1^  cn  tT-:--  oo 

-<3  cocncno3CD-.30cx> 


o 
P 


c 

o 

o 

CO 

p 

CO 

r; 

O 

o 

c 

C 

CO 

CO 

G 

d- 


O 

o 

d- 


O 
<{ 


o 
o 


O 
ct 


1-3 
P 

M 

CD 

00 
I 

o 
p 

CO 
CD 
H' 


CD 


•-d 
o 

g- 

o 
d- 

o 
3 


o 


B 

d- 
CD 

CO 
d- 
P 
d- 
O 
CO 


to 

W 
Ol 
I 

CD 


< 

CD 

P 
CD 


Ol 
CJ1 
I 

to 


CO 

o 

o 

CO 

o 

d- 

-  3 

P 

d- 

(£) 

O 

w 

P- 

03 


CD 

^^■ 

ro 


I 

(£>  CD- 

I--  o 
I  I 


•13 

o 

CD  - 

•-s 

O 

>-$ 

o 

o 

O 

d- 

o 

c 

O 

o 

O 

«<; 

d- 

H' 

d- 

H' 

O 

H- 

d- 

o 

O 

cn 

O 

CD 

P 

P 

o 

Ch 

by 

\-> 

CD 

CO 

c 

d- 

*<! 

p 

•-s 

d- 
P 

at 

td 

'<! 

d- 

i-b 

CD 

Ui 

d- 

P 

I—" 

d- 

d- 

O 

CD 

H- 

O 

d- 

o 

O 

•-s 

ured 

1— ' 

CO 

P' 

t— ' 

CD 

o 

01 
r 

CD 
G 
0) 

O 

o 

& 

o 

d- 
H' 

O 

t?d 

m 
d- 


d- 
O 


CP 

p 
c 

o 


0^ 
O 

p 


o 

o 

% 

O 
CO 


o 
o 

d- 
Cn 


CD 

H' 

ro 


•-s 

o 
P 

o 

Hi 


0^ 

o 
c 

d- 


o 
o 

o 

O 
M 


Si 

1-b 

P 

O 

H- 

d- 

d- 

CD 

Pu 

CD 

00 

d- 

P 

d- 

H- 

O 

•-J 

Ui 

© 

^ 

O 

p 

P^ 

C 

O 

d- 

CD 

C/5 

d- 

I—' 

O 

CD 

h"- 

1— ' 

• 

O 

i::: 

CD 

d- 

P 

CD 

o 

Hd 

0^ 

»-J 

H- 

O 

si: 

t-" 

d- 

P 

M 

<! 

CO 

o 

Cn! 

•-J 

cn 

P 

i 

CO 

to 

I—' 

- 

ro 

CD 

!— ' 

O 

CD 

CO 

i-' 

DO 

CO 

I-' 

oo 

C75 

I-* 

CO 

Oi 

M 

CD 

OD 

03 

oa 

cn 

CO 

I— ' 

ro 

Ol 

ro 

-J 

M 

oa 

CO 

ro 

M 

ro 

cn 

w 

<» 

-4 

ro 

O 

CD 

<« 

o 

CD 

1— ' 

W 

>• 

ro 

ro 

H-'H-'J-'F-'h-'l— 'Mt— 'Ml— 'h-" 
CD  CD  CD  CD  CD  CD         CD  CD  CD  CD 
(t^  h^^  OO  CaI  Oi 

cnrf^CKiroMo^C3-<jcncn 

I— 'Ml— 'I— 'H- 'H- 'h-'t— 'I— ' 

ro  M  c/j  ro  .00  M  o  I— '  o. 
rocDCncDOCD-<jOcn 

cocni— 'cncni— 'cDCDO 
CO  00  H  on  -o  ro  cn  Oi  cn 
OcnoJOOMCO-ooicn 

roMrororoMOOO 
MCTjtDooH-rorocoo 

CDCDOOI— 'CnCKlcD-OCn 

to  oi  o  i^-  cn  h^-  cn  t^-  M 
cn  04      -CKJ  o  O  03  h''-^  ro 

Ml— 'MMI— 'I— 'I— 't— 'I— ' 

C<1  H  -  h^--  K->  ro  1>0  CNO  M 
Ohi><JOr000Ml-'O 

OcDCn-ocn-<]ocnM 
■-3  O  O^  cn  OC!  -<}  hT^  CTi 
on  cn  -<}  o  O  cn  n:-  .  03  cn 

i—it-ij-jj-ji-ji—ii-jt-ii-j 

cn  h'-  Oi  cn      I-;-  c<3  ro 

O-<irOO3-<3-<]M00CO 


cn. 
CD 

o 
-3 

CaI 
03 


CO  on  cn  -<i  ro  CD  CO  cn  kf;^ 
cn  (4-  cn  CO  cn  i-;^.  c>i  cn 
cn  CO  cn  oo  M  !— '  ro  cn  ro 


COM 'MrOMCOMOO 

-^jcnajojCoroMoocn 

cn-<icncnrococncnM 
cn  -o  CD  H  -  cn  cn  cn  tr=- 
Ocoi-^-<]Cncocoo^ 


l|__l|_ll_.|_l^_J^_l 

cn-r<jcx)OJ~<i-3cncncn 

CO  cn  -J  Oi  c:j  CO  DO  ro  oa 

cn  K  -  ro  M  cn  oa  CO  ro 

CO  O  M '  CX)  -O  M  CD  h  -  03 

rocnoorooo-o-jocx) 

cn  h'-^  Cni  cn  -0  ro  M  -o  o 


CD 


C 

a" 


ro 

M 

CD 

h'~  - 

cn 

cn 

cn 

CaI 

cn 

CD 

ro 

ro 

ro 

CD 

CD 

00 

cn 

-o 

O 

CO 

cn 

oo 

Oi 

o 

ro 

• 

M 

ro 

ro 

M 

M 

M 

M 

M 

M 

CD 

O 

M 

CD 

CD 

CD 

CD 

~J 

r 

o 

O 

on 

M 

--J 

CD 

! 

>• 

v« 

cn 

oo 

ro 

c-o 

o 

ro 

-O 

00 

CD 

p 

OQ 

M 

o 

C-o 

CO 

cn 

o 

-O 

cn 

03 

cn 

ro 

CD 

CD 

O 

CD 

ro 

ro 

^o 

ro 

ro 

ro 

M 

M 

M 

O 

O 

M 

O 

O 

O 

CD 

CD 

CD 

M 

ro 

ro 

o 

Ol 

ro 

ro 

CD 

O 

CD 

>* 

\* 

\# 

M 

M 

ro 

cn 

cn 

cn 

M 

cn 

Gi 

CD 

cn 

cn 

cn 

h  ■ 

ro 

CD 

CD 

CD 

c 

•cn 

CD 

O 

cn 

CD 

00 

M 

CD 

Oi 

M 

M 

M 

M 

M 

M 

M 

M 

CO 

CO 

CD 

CO 

CO 

00 

cn 

(30 

M 

-J 

-<1 

ro 

on 

M 

Oi 

h  ' 

S 

>• 

Osl 

cn 

o 

M 

o 

cn 

M 

M 

03 

CD 

M 

00 

cn 

CD 

CO 

cn 

cn 

cn 

h'^ 

M 

-J 

M 

CD 

~j 

oo 

M 

o 

Hj 

M 

M 

M 

M 

M 

M 

M 

M 

M 

«• 

cn 

cn 

cn 

cn 

cn 

cn 

on 

M 

CX) 

CO 

CO 

M 

CD 

>< 

u 

\'  ■ 

CD 

ro 

o 

cn 

o 

cn 

ro 

CO 

M 

CO 

O 

c-o 

CO 

Oi 

cn 

CD 

o 

o 

-J 

tf- 

Qj 

oo 

CD 

cn 

cn 

CO 

• 

M 

M 

M 

M 

M 

M 

M 

M 

M 

ro 

OO 

h-'- 

OO 

cn 

ro 

oo 

fr- 

CTi 

CO 

cn 

cn 

CO 

M 

oo 

oo 

M 

CO 

o 

oo 

ro 

-<1 

o 

ro 

O 

•o 

CO 

o 

oo 

li- 

cn 

CO 

cn 

ro 

CO 

d- 

cn 

o 

o 

-3 

cn 

M 

cn 

M 

cn 

• 

M 

M 

M 

M 

M 

M 

M 

M 

M 

o 

ro 

OO 

OO 

ro 

C/0 

M 

OO 

M 

OO 

cn 

oo 

CD 

CO 

cn 

CO 

o 

CD 

cn 

CO 

ro 

CD 

03 

-<] 

o 

CD 

M 

hi  ■ 

CD 

-o 

CD 

d- 

cn 

O 

cn 

ro 

oo 

CD 

CO 

OO 

00 

o 

M 

M 

M 

M 

M 

M 

M 

•  •  * 

CD 

O 

M 

M 

M 

M 

O 

M 

CD 

ro 

o-i 

ro 

-<] 

ro 

cn 

CaI 

M 

cn 

o 


e 
o 


o 

d- 
P 


to 


to 


1  ^ 

M 

o 

<! 

C£) 

cn 

W 

(-' 

M 

M 

M 

M 

M  M 

^ 

01 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

o 

M 

'p 

1 

^i- 

C/l 

CnI  03 

CT 

(■n 

ro 

o 

CD 

H* 

o 

CD 

1  ^ 

J  -  • 

d-  . 

ro 

'cn 

03 

CK3 

ro 

ro 

ro  ro 

o 

ro 

CD 

ro 

CD 

o 

CD 

oo  ro 

w 

CJl 

to 

cn 

ro 

ro 

cn 

cn 

cn 

CD 

! 

CD 

ro 

CO 

■<] 

CnI 

M 

CO  to 

h-" 

cn 

ro 

CD 

O 

cn 

cn 

cn 

CD 

>■> 

O 

ro 

CTi 

03 

03 

ro 

oo 

ro 

ro  ro 

C/3 

CO 

O 

-0 

CD 

1 

o 

CD 

o 

o 

o 

o 

a 

o 

O 

p 

o 

o 

«<: 

d- 

H- 

d- 

M 

H- 

O 

H- 

c+ 

o 

O 

cn 

O 

c: 

t— ' 

pi 

ps 

CD 

p 

o 

P 

M 

o 

!3 

t/J 

s 

c; 

d- 

p 

d- 

t-' 

at 

d- 

C 

O 

0) 

c+ 

p 

cn 

d- 

d- 

o 

CD 

M" 

CD 

d- 

O 

O 

ur 

•-*) 

sn 

CD 

(—» 

CO 

h'^ 

o 

p 

ro 

P 

• 

CD 
•  CD 

nu 

'03 

o 

p 
o 

ni 

O 

d- 

d- 

•-J 

CD 

o 

a 

.p. 

a 

C^ 

d- 

CO 

o 

w 

d- 

o 

1— ' 

CD 

■3 

CD 

cn 

ro 

w 

• 

O 

d- 

tn 

o 

P 
-J 

c 

d- 

d- 

o 

o 

CD 

d- 

CD 

w 

3- 

• 

CD 

1— ' 

(-• 

CD 

• 

P 

O 

dd 

O 

o 

(— ' 

'-i 

M 

C+ 

CD 

d- 

^■ 

C 

P 

-s 

p 

CD 

^ 

o 

O 

s:; 

c^ 

d- 

o 

era 

o 

H- 

P 

3 

C3 

ic 

ul 

cn 

d- 

O 

o 

•1 

P 

O 

3 

O 

CO 

o 

CD 
03 


Ca3 
OJ 

Ul 

o 

CaI 

cn 


OJ 
CD 

00 

cr> 
cn 


cn 

CD 


C/J 


CD 

cn 
ro 

cn 

CD 
-<3 


cn 


cn 


cn 


O 
ro 


ro 

« 

o 
cn 


03 

O 

« 

oo 

CD 


ro 

CD 

« 

h- ' 
cn 


CDcDCX)CDCDCn--3tN3CO 
h'^-C^lC^I^^^O--305^-')-^ 

cncDOcnOOCnMcD 


cn  h'i-  h"^  Cni  03  Ovi  03  ro 
CO  c»--3McrjCoroocr> 

OOO-oojCorocotD 
oo  ^i^■coCD^-'OocncD>-' 
cn  CD      u"-  t-"  ro 


cn  cDcn(£;iT^h'^oo030o 

O)  MCTjODoooocDcnro 

~J  CTj  h-'  CD  OS  h'^-  O  OQ  CD 

h-  cn  CD      05  cn  ro  ro 

O  o  cn  05  to  CD  M  K>  cn 


coMCooicn-ocnoni^^ 

CDM->3rOOO3C/3C0 

cn  CD  CD  i-j  ro  ro  O  co 
C5t-'cnococj5050ro 

O  CDOrOCD03CX)CDO^ 


CT5  CT5  -s:  cn  H--  I,::.        Kf^  h'^ 

cn  ■<]OC/305t^i-^o^^'co 

CD  cncoH^oroocDO 

cn  roroc75h^--<]003cn 

O  O0t^-OO5-JI— 'CXlOO 


cn  cn  05       H~-  h>>  03  w'^^  h'^ 

i-r-  o505-^3003CDCnro 

cn  h'-.  CD  CD  cn  O  CD  CJ5  I— ' 

05  cDtorocxJcn-^rOH-' 

O  rocT5C-3-<icDcn«J3>{^ 


(4^-  hF--cnooc/ocxi030oro 

M  l-'a>CJ5l-'OOC/300 

OoooOcTii— 'rooco 
h-  cn  f;^-  -<3  03      o  CO  H-" 

O  l-'-^lOorOOJCDCDI-' 


H>  1^.  cn  oo  oo  ro  ro  ro  ro 

M  CDoocnoco->3cD--4 

cn  ~,3cnro-^rOh-rooo 

M  ^-'CnCT505-^OCD^;i. 

O  C0l-^-<]H-'O5l— '05M 


cn 

-J 

CD 

05 

cn 

cn 

O 

H-' 

cn 

O 

OO 

CT5 

CD 

OO 

cn 

CD 

CT5 

oo 

ro 

-<] 

o 

ro 

~Q 

CO 

<• 

<• 

>• 

'10 

ro 

00 

M 

--3 

ro 

cn 

o 

cn 

CO 

CD 

cn 

ro 

CD 

CD 

->3 

CD 

O 

O 

ro 

O 

oo 

ro 

cn 

CD 

J—" 

M 

CD 

1—' 

CO 

cn 

cn 

ro 

cn 

-J 

O 

g 

d- 

PS 

cn 

-^3 

o 

oo 

--3 

M 

cn 

CD 

O 

OO 

ro 

OO 

cn 

cn- 

cn 

O 

O 

ro 

CaI 

CO 

oo 

t^- 

cn 

O 

cn 

CD 

CD 

cn 

cn 

cn 

or  cn 

cn 

->3 

cn 

CD 

00 

M 

cn 

cn 

M 

cn 

B 

p- 

M 

OO 

O 

CaI 

cc 

CO 

-J' 

O 

ro 

cn 

M 

cn 

ro 

ex.' 

CO 

o 

ro 

oo 

O 

CD 

O 

1— ' 

cn 

CD 

CO 

O 

t-t 

-<] 

CO 

-J 

cn 

cn 

cn 

cn 

-0 

cn 

cn 

CD 

cn 

CO 

cn 

oo 

O 

. 

h-> 

ro 

CD 

<1 

CO 

cn 

00 

ro 

CO 

CD 

CO 

ro 

CO 

o 

• 

cn 

oo 

ro 

cn 

cn 

ro 

H— 

CO 

cn 

CD 
P 
►1 


P 

P5 


O 

cr 


p 
-J 


p 


CO 

c 

d- 


O 
O 
d- 


O 


CD 

o 


o 

d- 

P 


h3 

P 
CT- 

O 


I 

o 

CD 
CD 
cn 
CD 

a'  " 


3 
o 

cn 


I? 
O 
M 
CD 
I 


H- 

0  3 
Q,  CD 

•-J 

CO  H« 
d-  O 

^§ 

CD 

cn  O 

c 

CD  p- 
OJ  p 

cn  '-i 

1  ** 

h'^ 
oo 


o 
p 

O 


o 
c 

o 
c-f 
H- 

O 
P! 

H- 

P5 

p 


CO 

03 

cn 
I 

oo 

CD  O 
d- 
O 

CD 
cn 


CD 

03 


5^  "Tj 

O  O 

t5  a' 

d-  "S 

^  p:. 

-<;  Hi 

??  «£) 

-  O  h-^ 

ct 

O 

a 


CD 


o 
o 

ct 

o 
3 


o 
o 

CD 


CD 

cn 
I 

M  M 

CD  CD 

'-'  O 

f  I 

^  0^ 

b 

s:  o 


o 

o. 

CD 

o 
a. 


CD 


o 

O 

c+ 
03 


O  C_ 
^§ 

p  P 
p  y-' 

O  CD 
CD 

a 

p 

o 


o 
d- 

o 
a' 

C+- 

p 

d- 
CD 
cn 

O 


d- 

p. 


CO 
d- 

P 
d- 

C^l 

d- 

H- 

O 
M 


CD 

K  ■ 
CO 


dd 
o 

g 


I—'  CD 
g  CO 

p  • 

d 
p  Hi 

O  1-" 
d-  d- 

c:  o 

o 

a  CO 
d- 
O  P 
P  d- 

CO 


O 

o 


p 


d-  Q 


O 

I-' 

»i 

CO 

a. 

CD 

P 

1— ' 

»^ 

• 

O 

C5 

O 

d- 

d- 

C 

P 

O 

C 

O 

>-> 

Hi 

t?d 

s 

o 

1  _ 

K- 

o 

p 

O 

H- 

o 

O 

1— ' 

o 

W 

d- 

ES 

O 

3 

P 

1— ' 

C5 

CO 

CI 

<1 


CD 


CD  OQ 

»i  cn 

P  I 

O  CD 


CO 


CTi 
M 

CJ1 


cn 

CD 


cdcdcocdcdcdcocdcdco  co 
^?    h""-  ^>        h  C>!        C/3  W 

CTih'^^CAirot-'ocDco-^icy^  cji 


aicDtvr-roocCNiMro  csi 

corocDroDoOcncn  co 
CO  o  ro  I— '  o  ro  ro  On 

H-'ocT3--3O0CN!rv)i— '  ro 

O  h^-  CD  I— '  CD  M         CnI  M 

O^OOk^I— '-<3-<3  0^cD  !— ' 

^-'Ocowl-•c:^OC^ 

cn  r>  Cni  -0  -.3  cn  CD  I— '  k  • 

rowrocoi— 'I— 'h- 'H- '  h- ' 

cn  t;"-  O  O  -<l  -o  cn  k"- 

roOCOl— 'COH-'O-lOD 


CD 

CD 

ro 

ro 

oo 

l-r- 

DO 

1 — ' 

cn 

CnI 

CO 

CO. 

CD 

■ 

CO 

•<! 

o 

o 

CO 

CD 

CTl 

C5 

CO 

O 

o 

h'  • 

o 

CO 

CO 

CO 

ro 

ro 

1 — ' 

1 — ' 

1 — ' 

CO 

CD 

C5 

cn 

DO 

O 

O 

cn 

CD 

cc 

on 

oo 

On; 

CO 

^ 

V 

cn 

CO 

1 — ' 

CO 

CT5 

CO 

CO 

CX) 

cn 

CO 

-<i 

ro 

cn 

1— ' 

OJ 

h-- 

ro 

on 

cn 

cn- 

CD 

-a 

co 

CD 

-o 

ro 

Ck 

ro 

CO 

ro 

CO 

ro 

CO 

cn 

i-r  - 

CTi 

-<! 

G"J 

cr 

00 

CO 

1—' 

cn 

cn 

Cs 

C'3 

CO 

cn 

cn 

^« 

Ve 

CD 

o 

CO 

CO 

ro 

C75 

\ — ' 

cn 

CO 

o 

o 

M 

-<] 

n 

cn 

I-' 

o 

cn 

cn 

Ca^ 

CO 

on 

Osi 

C5 

ro 

ro 

oo 

CO 

C>! 

CO 

CO 

ro 

ro 

CO 

cn 

00 

CO 

on 

CC' 

CT5 

-<! 

cn 

cn 

cn 

1— ' 

O 

c-c 

CX) 

CO 

CO 

CO 

y 

V 

cn 

o 

cn 

O 

CO 

CO 

05 

on 

CO 

CO 

CaJ 

c 

cn 

CT: 

c 

'•_n 

00 

C<1 

o 

■<] 

Zhi 

CD 

b 

I—" 

cn 

CO 

1-^ 

ro 

CK3 

Oi 

CO 

ro 

CO 

ro 

CO 

CO 

M 

CKl 

\-> 

on 

ro 

ro 

o 

o 

o 

CO 

cn 

i-r* 

o 

CO 

05 

-o 

on 

o 

CO 

h  • 

cn 

C-3 

ro 

05 

•<3 

ro 

ro 

-<] 

o 

CD 

Cn) 

o 

on 

-<] 

o 

o 

CO 

t— ' 

cn 

o 

Ca3 

CO 

CO 

h- 

CO 

to 

ro 

1—1 

1— J 

(— ' 

H- ' 

-J 

o 

CO 

CO 

cr5 

CO 

C5 

(Ti 

cn 

o 

o 

o 

cn 

CO 

1— ' 

o 

I—* 

cn 

o 

CO 

CO 

CO 

C-: 

ro 

cn 

CX) 

O 

CO 

cn 

CD 

o 

O 

O 

o 

ro 

CD 

c 

cn 

1-J 

ro 

CO 

C5 

CO 

ro 

1— ' 

ro 

CO 

ro 

I— ' 

1—' 

1 — ' 

•h— ' 

1— ' 

cn 

ro 

CO 

CO 

cn 

cn 

C/3 

CO 

oo 

c<i 

ro 

h-' 

o 

00 

CO 

1— ' 

-CO 

CK) 

cri 

05 

cc 

ro 

1— ' 

03 

CTi 

Ca3 

o 

-J 

ro 

Co 

o 

CK! 

CD 

1  p' 

cc 

1— ' 

ro 

cn 

G5 

CO 

M 

M 

CO 

CO 

h- ' 

M 

t— ' 

I— ' 

M 

00 

O 

CO 

CO 

ro 

OO 

O 

C50 

03 

(—< 

CO 

cn 

05 

cn 

M 

CD 

)— ' 

05 

cr. 

on 

O 

1— ' 

-<] 

O 

CD 

03 

CT5 

O 

ro 

M 

CD 

cj:> 

hp- 

CO 

00 

O 

05 

1— ' 

C 

M 

t-" 

M 

CO 

t— ' 

M 

M 

I—' 

O 

cn 

cn 

cn 

CnI 

ro 

O 

CO 

ro 

OO 

cn 

cn 

CO 

h"- 

ro 

ro 

CO 

cn 

CX) 

CD 

CD 

CTi 

O 

0-3 

-<] 

00 

CO 

CD 

cn 

Oi 

cn 

CD 

on 

:o 

OQ 

00 

CD 

CO 

CD 

H- 

05 

■"5 

I—" 

t— ' 

I—' 

ro 

h- ' 

•  1 

1— ■ 

1— ' 

oo 

o;i 

h- ' 

o 

o 

00 

bo 

CD 

h  • 

n-' 

>• 

<« 

00 

05 

-o 

o 

o 

cn 

CO 

o 

cc 

o 

cn 

'Ji 

I—" 

o 

O 

o 

03 

CD 

CD 

ro 

CO 

CKl 

03 

CO 

ro 

ro 

ro 

M 

o 

o 

cn 

ro 

h- 

M 

CO 

o 

00 

1— ' 

O 

c 

CO 

i-' 

cn 

03 

-<1 

o 

■ 

ro 

CO 

CO 

o 

cn 

cn 

CO 

h-' 

cn 

00 

CD 

O 

cn 

o 

CD 

cn 

CD 

CD 

cc 

CX) 

cn 

CO 

o 

B 
'a. 
cn 

o 

o 

<^ 

PS 
cn 


CD 
P 


P 


•-J 


o 


1 

h-'  i 


CO 

o 

d- 


O 
O 
d- 


i 


o 
d- 

P 


C^ 

d- 

O 
t5 


o 

d- 

CO 


Table  12  -  Dried  v/hole  milk  and  nonfat  dry  milk  solids 
for  human  consumption:  Production, by  States, 
....  1942 


• 

Dried 

:  Nonfat  dry 

Dried 

• 

whole  milk 

•  milk  solids 

i                                                          •  • 

B  • 

v;holc  milk 

1,000  lbs. 

1,000  lbs. 

1,000  lbs. 

Maine 

no 

ouy  < 

5  jienbucKy 

rj  ew  xiamp  sn  ire 

!  Tennessee 

oy 

vermono 

io , UoU 

;  -ilabama 

Mas  sachusetts 

1  Mississippi 

Rhode  Island 

\  Arkansas 

- 

u  onne  c  u  i  c  \xz 

'  D  : 

Louisiana 
!  Oklahoma 

New  York 

•70  r\OQ 

/OjOco  J 

Texas 

New  Jersey 

P  e  nn  s  y  1  vani  a 

T  TOO 

i  flcc 

ly , bOo 

\  Montana 
idano 

Unio 

y ,  loy 

ly , boo 

;  Wyoming 

mciiana 

TCI 

Ibi 

io  ,  0O<i: 

Colorado 

Illinois 

Q 
O 

o    cz  c 

!  New  Mexico 

OO  f  I^C  ' 

I  /IT  1  zona 

vvisc  onsm 

±  f  b , oby  ! 

TT4-<-,Vi 

>  ut;an 
!  Nevada 

iviinne  soxa 

bo , Ubb 

I  OT/va 

1 , iby  \ 

'  './asning oon 

o 

iViX  o  b  UUi  ± 

±  /  ,  -lb  f 

\  uregon 

DO 

North  Dakota 

!  California 

^9,276 

South  Dakota 

192 

Nebraska 

4,454 

Kansas 

5,819 

Delaware 

Maryland 

1,832  ; 

!  UNITED  STJ.TES 

62,167 

Virginia 

414  . 

Viost  Virginia 

18  : 

North  Carolina 

South  Carolina 

Georgia 

Florida 

:  Nonfat  dry 


1,000  lbs. 

1,520 
2,844 

795 

1 

325 
2,405 


8,246 
784 

110 

306 
5,977 


11,412 
7,842 
59,285 


565.414 


Source;    Production  of  Manufactured  Dairy  Products,  1942,     Bureau  of  Agricultural 
Economics,  February,  1944 
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Table  14  -  M'altod  nilk  powdor:  Production  in  tho  United  Stfitos, 

1916-1942 


In  thousands  of  pounds 


1916    11,654 

1917    13,852 

1918    15,623 

1919    17,436 

1920    19,715 

1921    15,652 

1922    13,659 

1923    15,331 

1924    15,889 

1925    18,050 

1926    20,673 

1927    22,116 

1928    21,128 

1929    22,850 

1930    22,691 


1931    19,197 

1932    13,  215 

1933   12,430 

1934    13,569 

1935    15,485 

1936    18,495 

1937    19,785 

1938    15,394 

1939    19,744 

1940    20,021 

19-xl  ........  23,2x2 

1942    34,679 

1943   

1944   

1945  


Source:     1916-1919  -  Burcr.u  of  ."agricultural  Economics,  quoted 

in  Vli s c on s i n  D i r ng ,  Bulletin  No.  200, 
Tfi  scons  in  Crop  ITeportin,'];  Service,  j4pril, 
1939 

1920-1932  -  Production  r.nd  Consumption  of  Manufactured 
Dairy  Products,  Technical  Bulletin- !To.:  722, 
United  States  Department  of  .agriculture, 
-,pril,  1940 

1933-1942  -  Production  of  Manufactured  Dairy  Products, 
19-^2.     Bureau  of    agricultural  Economics, 
Fsbrurirv  1944 


Table  15'-  Dried  buttermilk:    Production  in  the  United  States 

1916-1943 


In  thousands  of  pounds 


1916 
1917 
1918 
1919 
1920 
1921 
1922 
1.923 


342  . 

1931 

2,575 

1932.' 

4,951 

1933 

5,279 

1934 

5,704  , 

193'5 

7,708 

1936 

9,007 

1937 

13,032 

1938 

18,058 

1939 

20,246 

1-9^40 

31,378 

1941 

38,435 

1942 

45,502 

1943 

54,215 

1944 

64,601 

1945 

1931.    50,535 

1932.  '   48,712 

1933   .  .  ..  53,260 

1934  ........  53,636 

193'5    49,823 

1936    50,781 

1937   53,141 

1938   63,910 

1939  .........  62,187 

1-9^40  ........  67,931 

1941  ........  75,614 

1942    69,637 

1943   i/60,818 


l/  Estimated  ■    .  . 

Source:     1916-1919  -  Bureau  of  . ..f':r icultural  Economics,  quoted 
■  .in  YJis  c  on  s  in  Da  ir  yi  n  g ,  Bulletin  ITo.  200, 

,   ^Wisconsin  Crop  Reportinj^  borvice,  .upril, 
'l939  '  . 

1920-1932  -  Production  and  Consumption  of  Manufactured 
Dairy  Products,   Technical  Bulletin  No. 
•■•  •'  '       .    ;   722,   United  States  Department  of  -agricul- 

ture, iipril  19^x0 
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Appendix  Table  22  -  Illinois:     Milk  Produced  by  All  Cows  on  Farms 
and  Sales  of  Butterfat  from  Herds  of  Four  or  More  Cows 
per  Square  Mile,  by  Counties,  1939 
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Computed  from  data  presented  in  Census  of  Agriculture,  1940,  Cows  Milked  and  Dairy 
Products , 
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730 

Tippecanoe 

6,827 

413 

Howard 

13,014 

612 

Tipton 

9,571 

524 

Huntington 

16,159 

1,771 

Union 

-7,300 

721 

Jackson 

4,401 

421 

Vanderburgh 

7,533 

167 

Jasper 

7,918 

958 

Vermillion 

6,671 

398 

Jay 

11,502 

758 

Vigo 

-  6,330 

2-97 

Jefferson 

7,125 

■  688  - 

Vvabash 

14,384 

l.,354 

Jennings 

4,761 

722 

Warren 

5,007 

"  580 

Johnson. 

12,773 

.  396' 

Warrick 

6,055 

335 

Knox 

6,022 

384 

Washington 

6,985 

496 

Kosciusko 

14,793 

1,791-  . 

■Wayne 

12,540 

894 

Lagrange 

. 18,259 

.3r^25. 

Wells 

16,353 

973 

Lake 

'  .12,193 

125  - 

7/hite 

7,377 

1,007 

La  Porie 

11,463 

466  ■ 

Whitley; 

14,759 

2,323 

Computed  from  data  presented  in  Ctnsus  of  Agriculture,  1940,  Cov/s  Milked  and  Dairy 
Products, 


Appendix  Table  24  -  Iowa:    Milk  Produced  by  All  Cows  on  Farms 
and  Sales  of  Butterfat  from  Herds  of  Four  or  More' Cov/s 
'      per' Square  Mile,  by:Counties,  1939 


'      :  Milk  pro-  :  Butterfat  i  _  -Milk  pro-  T  Butterfat 

County  duced-  per  :  sales  per  :        County  ""  -       :  duced  per;  :  sales  per 

^   ■■  rsquare  miletsquare  mile:       ..       •    -  'tsquare  mile isquare  mile 


■  Gallons-^ 

Pounds 

■ '  ^  _.  I.'-  - 

-       -  Gallons  " 

Pounds 

,164 

2 

,109  ' 

Jefferson 

7 

,598 

1,652 

'  Adams '     '  --Ti 

\  8 

,085 

1 

,778 

Johns  on 

10 

,402 

1,639 

Allamakee 

17 

,253 

3 

,726 

Jones 

18 

,615 

4,768 

Appanoose 

6 

,056 

994 

Keokuk 

9 

,374 

.  2,083 

Audubon  r 

10 

,086 

2 

,519 

Kossuth 

11 

,974 

3,417 

Benton 

10 

,989 

2 

,559 

Lee 

9 

,512 

•.V  .  1,454 

Black  Hawk 

20 

,477 

5 

,023 

Linn 

15 

,951 

2,874 

Boone 

11 

,080 

2 

,110 

Louisa 

5 

,869 

1,082 

Bremer 

29 

,553 

7 

,120 

Lucas 

7 

,252 

■  1,354 

Buchanan 

17 

,898 

4 

,206 

Lyon 

12 

,282 

3,276 

Buena  Vista 

10 

,669 

•  2 

,480 

Madison 

6 

,852 

^1,301 

Butler 

17 

,257 

4 

,025 

Mahaska 

12 

,036 

2,345 

Calhoun 

9 

,264 

1 

,980 

Marion 

9 

,540 

1,684 

Carroll 

11 

,302 

2 

,413 

Marshall 

,730 

.s  2,559 

Cass 

8 

,199 

1. 

,780 

Mills 

8 

,178 

r  V  555 

Cedar 

10 

,847 

2 

,478 

Mitchell 

16 

,104 

.•-  3,992 

Cerro  Gordo 

15 

,532 

3 

,531 

Monona 

,.  '  6 

,259 

u  .  91B 

Cherokee 

7 

,615 

1 

,538 

Monroe 

7 

,224 

■  1,107 

Chickasaw 

18 

,285 

4 

,757 

Montgomery 

7 

,678 

.  1,200 

Clarke 

6 

,097 

1 

,249 

Mus catine 

^    -  12 

,203 

2,471 

Clay 

9 

»694 

2 

,466 

0*Brien 

1. 

11) 

,414 

2,990 

Clayton 

22, 

»192 

61 

►  198 

Osceola 

^  12, 

,958 

3,308- 

Clinton 

•  10, 

,980 

2, 

.233 

.  Page 

8, 

,679 

1,309^ 

Crawford 

9, 

►  097 

1. 

,782 

Palo  Alto 

11 J 

,803 

Dallas 

'  10. 

.798 

1, 

,725 

Plymouth 

,469 

.  1,29^^ 

Davis. 

6, 

»599 

1, 

,366 

Pocahontas 

9j 

,107 

2,180 

Decatur 

6, 

,470 

li 

,316 

Polk  . 

13, 

912 

1,156 

Delaware 

-  23, 

,008 

6, 

,653 

Potta^;i;attamie 

■  8, 

,732 

1,476  ■ 

Des  Moines 

9, 

845 

1, 

►  360 

Poweshiek 

10, 

,095 

1,978' 

Dickinson 

V  11, 

623 

2, 

,948- 

Ringgold 

6, 

,848 

1,281 

Dubuque 

V   ■  19, 

637 

4, 

,504 

Sac 

■  8, 

848 

2,018 

Emmet • 

12 

679 

212 

Scott 

21 

982 

2,273 

Q7  cT 
7  (  P 

Aon 

D  7U 

^  Vi  0  T  y\\T 

1  I  0 

T  A?  7 

.  _X , Of  i 

r  ioyd^  • 

12  J 

949 

4.09 

Sioux 

...  17, 

U  (b 

A  CT\'7 

4,>07 

Franklin 

■  I'^l 

242 

.  3, 

»o43 

story 

12, 

902 

2,736 

Fremont 

'  5, 

881 

689 

Tama 

10, 

115 

•  2,184 

Greene 

■     ■  8, 

845 

1, 

954 

Taylor 

.  8, 

362 

1,545 

Grundy 

■  13, 

299 

3, 

358 

Union 

'    ^  8, 

238 

1,587 

Guthrie 

8, 

768 

1, 

909  " 

Van  Bur en 

.7, 

948 

1,828 

Hamilton 

■  9, 

883 

2, 

246 

Wapello 

10, 

309 

.1,507 

Hancock 

13, 

838 

3, 

658 

Warren 

9, 

147 

1,106 

Hardin 

-  .  13, 

079 

3, 

311 

Washington 

.  •  9, 

259 

1,776 

Harrison 

■   "  ^  7, 

599 

1, 

364 

¥ayne 

6, 

307 

1,375 

Henry 

8, 

907 

1, 

704 

Webster 

■  9, 

100 

1,552- 

Howard 

19, 

391 

4, 

543 

Winnebago 

.  '18, 

706 

5y322 

Humboldt 

llj 

096 

2, 

602 

■^/inneshiek 

/  22, 

229 

5>264- 

Ida 

-  7, 

497 

1, 

500 

"//oodbury  ' 

■  7, 

580 

857 

Iowa 

■  ..lO, 

626 

2, 

308 

Worths- 

^  '1-8, 

497 

4 ,.830  , 

Jackson 

-11, 

973 

3, 

118 

Wright; 

198 

2,280 

Jasper 

-  10, 

406 

2, 

068 

Computed  from  data  presented  in  Census  of  Agricultu^-e ,  1940,  Cc-rs  .Milked  and  Dairy 
Products •  .  ■  ^ 


Aopendix 

Table  25  - 

Michigan:     Milk  Produced  by  All  Cows  on  Farms 

n  VI  r1 

Sales  of  Butterfat  from 

Herds  of  Four  or 

More  Cows 

xvx  w  X  \./      \^  v>y  U  V  W/ 

per 

Square  Mile, 

by  Counties ,  1939 

• 

o 

Milk  .pro- 

. J  ButterXat,. 

• 

2   Milk  "nTO  — 

•      xvx  ^      xV      ^  i  W 

:  Butterfat 

p.  m  1  yrl"  ir  • 

duced  per 

I  sales  per 

:  County 

s . duced  per 

I  sales  per 

• 

square  mile : square  mile 

• 

jsnuare  nile 

ssouare  mil 

0  ^  W        LA  X    W       X  i  i  .X.  -X. 

Gallons 

 ,  Pounds 

Gal 1 ons 

CX       .A-  W  X  X  k./ 

F  ounds 

Air  ona 

3,413 

662 

Lake 

2«785 

687 

A  1  P'P'T 

1,762 

216 

LaneeP 

20,701 

964 

Allpc^an 

^  ^  W       CL 1 1 

17,737 

1,138 

Leelanau           . - . 

6,529 

■  953 

A  1  "D  py^a 

8^4 

1 ,077 

Lenawee 

20,402 

411 

Airt  tI  TTi 

6,104 

1.470 

Livi  np"s  t  on 

14.057 

^25 

^  X  w  Xld  w 

10,666 

1 .12^ 

Lu  0  6" 

571 

71 

"R  ?)  T?i  CTfl 

2,  lis 

104 

Ma  r  k  T  nar* 

XVXCX       XV  U.  X  XCl  w 

1.^75 

157 

X-'  C3.  i  X  V 

14, 819 

2.099 

l\/fa  P  nTTl"h 

iviCX  v./  VJiXXU 

22  97^ 

201 

Ba  V 
ij  ay 

17 , 595 

1 ,074 

Ma  n  T    +,  p  p 

4  701 

75^ 

R  p  vn  7  T  p 
XJ  O  IX  ^  ^  w 

^.489 

^92 

Mp  y  n  1  ]  0 1  i".  p 

1  1^4 

•  97 

R  p  ■p-p  T  p  10 
XJ  w  X  X  J.O  11 

11,115 

518 

<^  nn 

12  016 

2  4'^4 

XJ  X  CLXX     X  X 

17,655 

1,945 

Me  r  OS t  a 

11, 844 

J  9  ^  /_) 

WCL^XXv*'  OiXX 

139556 

1,593 

Menominee 

aVX        X  X        Xl  1         X  X  \^  \^ 

8,022 

80 

Ca.  s  s 

11,438 

2,263 

Midland 

•*>>X              ^-X"        XX  \Jb 

9,111 

1,327 

Charlfjvoix 

6,809 

1,353 

Mis  saukee 

8,666 

2,233 

n  Vlft  V)  OVP'R  Y\ 

3,819 

649" 

Monroe 

1^. 994 

277 

2,493 

363 

Montcalm 

14, 317 

1,580 

Clare 

5,369 

1,061 

Montmorencv 

1,898 

301 

m  T  n't 

\y^jLxx  V  wxx 

17,206 

1,440 

Muske  P"on 

X»X             XV  W  C~  W  X  X 

9, 539 

264 

418 

52 

N  e  wa-v  0 

8,374 

1,600 

Delta 

4,129 

242 

Oakland 

12,062 

212 

T)i  r* k i  on 

^  W  XV      X  X  w  wxx 

2,546 

222 

Oceana 

\^        \^         X  XLA 

9,319 

2,000 

Eat,  on 

18,069 

1,278 

Offemaw              •  '. 

w'  CL.  \^XJLLC-X  «V  ^ 

5,315 

971 

'ErnmB't 

JJJ  nil  Ll\m/  U 

5,762 

961 

Ontonagon 

2,271 

204 

Genesftft 

v>  \_/  W 

16,213 

823 

Qq  n  p  ol « 

11,047 

2.^17 

8,940 

2,047 

Os  c  oda 

1,364 

235 

-J  y 

\j  \y      W  i->  -i- 

1,271 

39 

Ot  R  p  P"  n 

2.877 

■  588 

n."pQvir1     T*  Y*f^  VP  T^Q  A 

7,321 

1,455 

Ott  awa 

22 .770 

lc645 

17,191 

2,481 

Presaue  Isle 

4,283 

798 

Hillsdale 

20,501 

2,317 

R  OS  c  ommon 

778 

123 

H  oiiP'Vi't  OTi 

1  i.  W  La  Cl.  ^  X  L/  w  XI 

4,473 

216 

Saginaw 

16,666 

1,119 

Huron 

17 . 957 

1,4^2 

St.  Glair 

*        \^  <*X.CX  -X-X  « 

18.953 

585 

T  Ki  c  Vifl  m 

1  9 

vJvJO 

S t .   Jos  er)}i 

11.637 

2,154 

T  nyi  1  p 

^  \J  Li.  J-C4 

17,877 

2,716 

CX  1 X  ^ -X.  CX  w  , 

21, 918 

1,446 

T  n  c!  p  n 
^  w  o  w 

3,994 

726 

OWXXwW-X.V'XdJ-  u 

527 

55 

T  T  on 

^  X  wlX 

1,698 

•  280 

R  n  i  H  wf^  ^  ^  p  f=i 

kj  X  X  ^  CX  Vf       w  wJ  ^  w 

19. 579 

966 

XOCL  ij  \^  ^ — L  CL 

16,850 

2,620 

■X       0  0  w  CX 

17.027 

895 

13,465 

1,044 
969 

V  cxli    IJ  Lix  0  li 

1 1  90^ 

1  198 

xVd  X cliuCL  ^  U  U 

12,583 

IV  as  nx  enaw 

J  7  J 

2,684 

632 

'.^^ayne 

8,560 

31 

Kent 

18,001 

992 

Wexford 

5,543 

1,222 

Keweenaw 

281 

10 

Computed  from  data  presented  in  Census  of  Agriculture,  1940,  Cows  Milked  and  Dairy 
Products . 


Appendix  Table  26  -  Minnesota:    Milk -Produced  by  All  Cov/s  on  Farms 
and  Sales  of  Butterfat  from  Herds  of  Four  or  More  Cov;s 
per  Square  Mile,  by  Counties,  1939 


i  Milk  pro-  s  Butterfat  tMilk  pro-  ?  Butterfat 
County          ;  duced  per  i  sales  per  :        • County          ;  duped  per  '  sales  per 
 ■..„.  ^    ;sciuare  milessquare  mile;  r  square  mile  r  square  mile 


. Gallons 

p  n  1 1  Ki  ri  c! 

CTCiXXUiio 

■ •  Pounds 

Aitkin 

4 

,889 

T,(To  •pc;  ViP  n  1 

xvXCl.  X  D  X  Icl  X  X 

5  419 

1 

,352 

Anoka 

•  17 

,441 

77  / 

Ma  rt  i  n 

15.110 

x^  J  xx\^ 

4 

,183 

Becker 

9 

,081 

2.412 

Meeker 

23,620 

7 

,103 

Beltrami 

2 

,384 

J  J  J 

Mille  Lacs 

17<.527 
-■-1  5  >  1 

5 

,011 

Benton 

21 

,574 

6.078 

Morrison 

13,252 

3 

,848 

Bi?  Stone 

7 

,156 

1  .622 

r.'Iower 

*  1 W  V»  W  J. 

18,260 

4 

,826 

Blue  Earth 

18 

,105 

Murra V 

10  901 

2 

,737 

B  r  own 

■  15 

,528 

4»429 

Nicollet 

20,672 

5 

,816 

Carlton 

•■  -9 

5317 

1,748 

Nobles 

11,469 

3 

,042. 

C?rver 

47 

,684 

8«873 

NoTman 

XV  j.XiOClx 

8  607 

2 

,212 

Cass 

.  3 

,361 

806 

Olmsted 

24.013 

4 

,435 

Chi"Dt)ewa 

10 

,779 

2. 6*50 

Otter  Tail 

17  ,138 

4 

,978 

ChisaffO 

.27 

,518 

P  enn in ^t  on 

■  8,422 

2 

,229 

Clav 

6 

,893 

1 . 402 

Pine 

'  10-^7^4 

2 

,620 

Clearvi/ater 

5 

.534 

1 ,400 

P  ipest  one 

12, 262 

3 

,077 

Cook 

135 

— ✓  ✓ 

12 

Polk 

8,204 

1, 

,881 

Cottonwood 

10 

,970 

2. 906 

Pope 

13 , 020 

3 

,500 

CroYV  Wine" 

5. 

,526 

1.16'5 

Rams  ey 

17  0^:35 

347 

Dakota 

24. 

,809 

1.169 

Pved  Lake 

^  9.229 

2. 

,210' 

Dodfp 

29; 

843 

4  ■5.26 

Redv/o  od 

10^  292 

2 

,690 

D  oup'las 

VA  Cl-  JL.  OA. 

•  20^ 

,720 

6.1=58 

Renville 

12  ^32 

3. 

,433' 

Faribault 

15 

,373 

4. 219 

.  Rice 

■  32.818 

5. 

,807' 

Fillmore 

16. 

,446 

4  ^19 

Rock 

11.217 

2. 

,890- 

27! 

,873 

R  OS  eau 

4,229 

1, 

,111 

Goodhue 

.  28j 

,142 

.  056 

St .  Louis 

2,405 

269 

Grant 

10; 

975 

^  08^ 

Scott 

■  '  2"'9,301 

3, 

,976 

Hp  y-iv-i  p-p)  i 

33, 

.193 

775 

Sherburne 

12,029 

2. 

,180 

Hoiist  on 

16, 

428 

4  189 

S  ibley 

23,867 

6; 

,664 

Hi  ihiVlPi  Tfi 

XXUiUUO.x 

■  4; 

121 

Stearns 

20.973  ' 

•■•  5  J 

826 

Too  yrf  T 
J.  O  CL  IX  U  X 

"  16, 

232 

Steele 

33.805 

10, 

,498 

T  t  a  <^  p  a 

-  2, 

274 

4^2 

Stevens 

9.926 

2, 

388 

•T  Pi  p  V  <^  n  n 

12, 

300 

S'jvif  t 

■  ^  8.874 

Z5 

268 

Kanahec                  \  ' 

■  14, 

385 

^.998 

Todd 

21,795 

6; 

272 

Kandivohi 

.  14c 

612 

4.092 

Traverse 

6,618 

Is 

585 

Kitts  on 

4, 

678 

'  1,133 

7/abasha 

18,890 

5, 

234  • 

Koochiching 

866 

147 

Wadena  . 

12,733 

3^ 

788 

Lac  qui  Parle 

■  '  8, 

400 

2,130 

¥aseca 

-  23,730 

6, 

897 

Lake 

226 

15 

Washington 

■29,345 

2, 

073- 

Lake  of  the  ''ifoods' 

Ij 

262 

263 

Yifet  on7/an 

:  15,724 

4, 

597 

Le  Sueur 

18, 

751 

5,368 

Wilkin 

•  6,728 

642 

Lincoln ■ ' 

11 J 

124 

3,043 

Winona 

•  19,522 

5, 

290' 

Lyon 

9, 

730 

2,245 

Wright 

29,874 

7, 

413 

McLeod 

35, 

098 

8,240 

Yellow  Medicine' 

■  8,925 

2, 

311 

Mahnomen 

5, 

917 

1,671 

Computed  from  data  presented  in  Census  of  Agriculture,  1940,  Cows  Milked  and  Dairy 
Products . 


Api^^endix  Table  27  -  Ohio:    Milk  Produced  by  All  Cov/s  on  Farms 
and  Sales  of  Butterfat  from  Herds  of  Four  or  More  Cows  • 
,         -,per  Square  Mile,  by  Counties,  1^39 


s  MiiK  pro- 

;  DUbXeriax 

• 

i  iViiiK  pro- 

;  Butterfat 

•Lounxy 

s  diiced  per 

s  sales  per 

J  uounxy 

?  duced  per 

I  sales  per 

s square  mile 

: square  mile 

• 

^square  mile 

r square  mile 

 ■„,./:. 

uaixons 

r  ouncis 

Gallons 

jr  ounos 

H.uains 

^ ,  xou 

^^9  9 

XjXCKxng 

1  A  Al  7 
Xh-  ,  ^X  I 

PnA 

XZ,3>0 

1    1  P9 
X  5  XOfl 

T      ^  0 

ijOgaxi 

1  A   "J  "i  Q 
14, 337 

1    91  9 

A  G  li  "1  Q  VI  r3 

X3  >  ^7  7 

1    D'^  9 

X ,  U3<: 

IjUX  d.  -Lli 

9^   1  i^P 
'^J  ,  1^0 

199 

X  tLC 

iis  n  to.  DUJLa 

cX  ,  *f  XX 

1  Q9 

A    1  9Q 
D  ,  X  ^  7 

111 

1/3 

U  "T       Q  V>  C3 

7  QCCQ 
/  >  /J3  7 

aqA 

*f  70 

P  aP^ 

Al  P 
0x0 

iiugxaiz  e 

1  7^1 
1  ,  f  31 

iVianonxng 

1  A    7  99 
XO  ,  1  ^^c- 

1  <  A 
3^)4 

jDe-Linon  X 

X^  J  OH-il 

7U0 

Mar 1 on 

11       7  CT 
-LI  ,3  />> 

7  1  "3  ■' 
I  13 

x5  r  own 

7  QA7 
/  )  7**-  / 

Pi  c 

0XJ> 

MecL  ina 

9'3  APA 

^3 ,  oot" 

33> 

D  u  L.  ±  e  r 

XD , X 7X 

^"5  P 

ivieigs 

c:  Pc:9 

AQO 
7U 

uarroj.± 

7  ,  ^■\Jy 

4;?  3 

ivie  r  c  e  r 

1  A    7  QO 

Pi  1 
Oil 

1        o  >v> T\ o  1  rrv^ 

L/nsuipaign 

17  1 
X  /  ,  X07 

iviiainx 

1  7  797 

1   1  c:9 

17  OD'^ 

X  ,  UU7 

P  AQ7 
0  ,  '+7  ( 

1    07  A' 
1 ,  u  /  0 

Lixe  rmpni/ 

7  AP 

Monxgomery 

1  cr7P 

m  L>  on 

ft  Q«^9 

Al 
4X3 

^       fTQ  VI 

Morgcin 

A  AA9 

0  tm- 

404 

M  n  y  "p  m  w 

1  ?  1  A7 

1  *i4P 

uupnuo  bun 

Q  090 

7  ,  ^J^LU 

^  00 

luiuS  K  xnguui 
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Xx , OlU 
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Perry 

A  PPn 
D ,  OOU 
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49  / 

F  ickaway 
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C  0  A 

iKe 
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XX , (04 
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1  Pn 
lOU 

rayette 
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334 

hrebie 

1  "2  OQt^ 

I3,29i> 

1    1  A  0 

Franklin 

x^ , xpo 

PQO 
093 

P  ut  nam 

10, 933 

1    r\o  A 
1  ,1d2  ■ 

if  uiton 

21 , 430 

^  QP 
DOO 

Richland 

12 ,300 

Gaiiia 

b ,  2d4 

0  C 
365 

n  oss 

4,0/1 

2b2 

Geauga 

21 ,420 

4U 

Sandusky 

13,942 

APA 
oOb  ' 

Greene 

11     CQ  0 
11  ji?72 

y1  PQ 
40  7 

S  ciot  0 

C    A  91 

,  Ocl 

1  7  P 
1  /  0 

Guernsey 

A    OQ  7 

qPa 
704 

S  ene  ca 

1  9  070 

1  9A9 

Hamilt  on 

11    /I  RP 
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1  Cr\ 
1^  U 

bneiDy 

lA  Acta 

1    7  Q7 

Hanc  ock 

1  0  qRq 
1^ , 707 

.  I5O32 

oXarK 

90   /I  7 Q 
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■3  9  A  • 

riarciin 

11  ni 
XX  5  uxjp 

000 

iD  umin  1  Lf 

1  1  ft9A 
XX , u^o 

CA 

Harris  on 

P  9 Pi 
0 ,  ^cx 

P,1 1 
041 

i  rumouii 

17    Al  9 
X  /  ,  4X<C 

1  oA-  ' 

XUD 

Henry 

1  9  Al  c 
12 ,bj> 

1     1  1  Q 

1 ,11V 

Tus  carav/as 

1  A  1  cr7 

14,1^ / 

9P< 

Highland 

Q  1  rio 

/I  7  "2 

4/3 

Onion 

1  P  QAl 
10,  7H-X 

7A'3 

rD3 

Hocking 

van  werx 

1  1  qPa 
XX ,  yo'f 

A7  9 

noxme  s 

X  7 ,  U_5D 

Q^O 

V  XZi  0  vJZI 

?  "^18 

?46 

vv 

Huron 

10,664 

586 

Warren 

15,668 

307 

Jacks  on 

3,994 

300 

Washington 

6,913 

724 

Jefferson 

7,480 

289 

V/ayne 

25,151 

890  ■ 

Knox 

12,096 

1,318 

Williams 

15,936 

.  1,842 

Lake 

6,776 

83 

7/0  od 

9,869 

503 

Lawrence 

4,714 

193 

Wyandot 

10,809 

1,668 

Computed  from  data  presented  in  Census  of  Agriculture,  194-0,  Cows  Milked  and  Dairy 
Products • 


Appendix  Table  28  -  -Vis  cons  ins     iJilk  Produced  by  All  Cows  on  Farms 
and  Sales  of  Butt  erf  at  from  Herds  of  Four  or  More  Cov/s  • 
per  Square  ilile,  by  Counties,  ^3"^'$ 


;  Milk  pro-  ;  Butterfat  :  :  Milk  pro-  s  Butterfat" 
County          %  duced  per  i  sales  per  t          County  '       j  duced  per  ;  sales  per 
 ?square,  miie;square  mile ;  ; square  mile!  square  mile 


■Gallons 

Founds 

Gallons 

Founds 

Adams 

5,166 

1,182 

Marathon 

28 

,998 

95 

Ashland 

3,920 

220 

Marinette 

8 

,292 

245 

Barron 

37,520 

603 

Marquette 

8 

,970 

2,365 

Bayfield 

3,998 

566 

Milwaukee 

21 

,419 

31 

Brovm 

55,799 

.  277 

Monroe 

24 

,803 

5,676 

Buffalo 

20,214 

5,725 

Oc  onto 

.  17. 

,748 

70 

Burnett 

7,664 

2,088 

Oneida 

1 

,674 

162 

Calumet 

60,307 

68 

Outagamie 

-  52 

,784 

94 

Chippewa 

29,417 

95 

Ozaukee 

48 

,169 

249 

Clark 

34,868 

51 

Pepin 

20, 

,497 

5,771 

Columbia 

24,629 

1,94^^- 

Pierce 

■  28. 

,579 

6,236 

Crawford 

•19,924 

1,350 

Polk 

27. 

,386 

3,328 

Dane 

43,694 

1,483 

Portage 

14 

,639 

1,196 

Dodere 

•  56,663 

269 

Price 

6. 

,476 

265 

Door 

26,757 

73 

Rgcine 

43, 

,091 

198 

Douglas 

4,290 

300 

Richland 

36. 

,405 

950 

Dunn 

28,261 

3,009 

Rock 

3& 

,407 

360 

Eau  Claire 

18,819 

1,707  . 

Rusk 

14. 

.525 

70 

Florence 

"2 , 933 

400 

St,  Croix 

31  < 

,823 

5,088 

Fond  du  Lac 

52,077 

2,854 

Sauk 

28; 

858 

3,940 

Forest 

"  1,670 

234 

S  awy e  r 

2. 

,625 

349 

Grant 

23,159 

2,042 

Shawano 

25« 

131 

53 

Green 

56,344 

140 

Sheboygan 

63. 

,502 

66 

Green  Lake 

26,046 

5,486 

Taylor 

16. 

,847 

2,332 

I  owa 

30,867 

887 

Trempealeau 

26, 

,665 

6,353 

Iron 

2,326 

45 

Vernon 

32, 

,846 

5,216 

Jackson 

11,125 

2,052 

Vilas 

803 

91 

Jefferson 

51,410 

656 

Walworth 

54, 

,927 

107 

Juneau 

12,184 

3,121 

'.%shburn 

7. 

036 

1,017 

Kenosha 

42,966 

136 

Washington 

50, 

,523 

68 

Kevi/aune  e 

54,682 

44 

7/aukesha 

54, 

,244 

124 

La  Crosse 

28,367 

6,676 

Waupaca 

34s 

,724 

944 

Lafayette 

31,884 

299. 

Waushara 

17: 

,038 

1,530 

Langlade 

10,563 

27 

Winnebago 

4-7, 

,220 

1,515 

Lincoln 

10,911 

342 

Wood 

24j 

>176 

121 

Ma nit owoc 

57,567 

105 

Computed  from  data  presented  in  Census  of  Agriculture,  1940,  Cows  Milked  and  Dairy 
Products, 


